
USOO8144126B2 

(12) United States Patent (10) Patent No.: US 8,144,126 B2 
i : e Wright 45) Date of Patent Mar. 27, 2012 

(54) REDUCING SLEEP CURRENT INA 4,953,928 A 9, 1990 Anderson et al. 
CAPACITANCE SENSING SYSTEM 4,962,342 A 10, 1990 Mead et al. 

5,049,758 A 9, 1991 Mead et al. 
5,055,827 A 10/1991 Philipp 

(75) Inventor: David G. Wright, San Diego, CA (US) 5,059,920 A 10/1991 Anderson et al. 
5,068,622 A 11/1991 Mead et al. 

(73) Assignee: Cypress Semiconductor Corporation, 5,073,759 A 12/1991 Mead et al. 
San Jose, CA (US) 5,083,044 A 1/1992 Mead et al. 

5,095,284 A 3, 1992 Mead 
c - r 5,097,305 A 3, 1992 Mead et al. 

(*) Notice: Subject to any distic the t 5,107,149 A 4, 1992 Platt et al. 
patent is extended or adjusted under 35 5,109,261 A 4, 1992 Mead et al. 
U.S.C. 154(b) by 889 days. (Continued) 

(21) Appl. No.: 11/801,115 FOREIGN PATENT DOCUMENTS 

(22) Filed: May 7, 2007 EP O5742.13 6, 1993 
(Continued) 

(65) Prior Publication Data 

US 2008/0277171 A1 Nov. 13, 2008 OTHER PUBLICATIONS 
Chapweske, Adam, “The PS/2 Mouse Interface'. PS/2 Mouse Inter 

(51) Int. Cl. facing, 2001, 10 pages. 
G06F 3/04 (2006.01) 

(52) U.S. Cl. ..................................... 345/173; 178/18.03 (Continued) 

(58) Field of Classification starsh, 19, 1776. Primary Examiner — Nitin Patel 
See application file for complete search history. (57) ABSTRACT 

(56) References Cited An apparatus and method for reducing power consumption of 
capacitance sensing device in a reduce power mode. In one 

U.S. PATENT DOCUMENTS embodiment, the method includes individually measuring a 
4,103,252 A 7, 1978 Bobick capacitance on each of a plurality of sensor elements of a 
4.264,903. A 4/1981 Bigelow device, coupling a group of sensorelements of the plurality of 
4,283,713 A 8/1981 Philipp sensor elements together when a presence of a conductive 
2,4- A 1918d SEE, Jr. object is not detected on the plurality of sensorelements while 
4.475. 151 A 10/1984 Philipp individually measuring the capacitance on each of the plural 
4497,575 A 2/1985 Philipp ity of sensor elements, and collectively measuring a capaci 
4,736,097 A 4/1988 Philipp tance on the group of sensor elements. In one embodiment, 
4,736,191 A 4, 1988 Matzke et al. the apparatus includes a processing device, and a plurality of 
26.6 A 3. E. sensor elements that are individually coupled in a first mode 
4876,534. A 10/1989 Mideal. and collectively coupled in a second mode. 
4,879,461. A 1 1/1989 Philipp 
4,935,702 A 6, 1990 Mead et al. 32 Claims, 11 Drawing Sheets 

Analog Bus 
401 

? Processing Device 210 

Decision 

Capacitance Logic 402 Decision 
Sensor 201 Logic 451 Applications 

(e.g., Non- (e.g., 452 
Hardware) Firmware) Capactiance 

Sensing 
Actions 403 

Slider Sensor 
Elements 

555(1)-555(N) circuit 420 
Selection 

  



US 8,144,126 B2 
Page 2 

U.S. PATENT DOCUMENTS 6,280,391 B1 8, 2001 Olson et al. 
5,119,038 A 6/1992 Anderson et al. 6,288,707 B1 9/2001 Philipp 
5.120.996 A 6, 1992 Mead etal 6,304,014 B1 10/2001 England et al. 
5.123,800 A 6, 1992 i et al. 6,320,184 B1 1 1/2001 Winklhofer et al. 
5.126,685 A 6, 1992 E. 1 6,323,846 B1 1 1/2001 Westerman et al. 
EA SES Real 6,326,859 B1 12/2001 Goldman et al. 

5,160,899. A 11/1992 Anderson et al. 6,377,009 B1 4/2002 Philipp 
5,165,054 A 11, 1992 Platt et all 6,380,929 B1 4/2002 Platt et al. 
566,563 A 1/1992 K e l 6,380,931 B1 4/2002 Gillespie et al. 
5.204549 A 4, 1993 P1 s l 6,414,671 B1 7/2002 Gillespie et al. 
5.237879. A 8, 1993 s a. 6,430,305 B1 8/2002 Decker 
5.243,554 A 9, 1993 E. al 6,441.073 B1 8/2002 Tanaka et al. 
5.248,873 A 9/1993 Allen et al. 6.452,514 B1 9/2002 Philipp 
5,260,592 A 11/1993 Meadet al. 6,457,355 B1 10/2002 Philipp 
5,270,963 A 2, 1993 Alleneral 6,466,036 B1 10/2002 Philipp. 
5,274,371. A 12/1993 Yang et al. 6,473,069 B1 10/2002 Gerpheide 
5,276.407 A 1, 1994 NEA 6,489,899 B1 12/2002 Ely et al. 
5,289.033 A 2/1994 Mead 6,498,720 B2 12/2002 Glad 
5.303.329 A 4, 1994 NEdetal 6,499.359 B1 12/2002 Washeleski et al. 
5.305.017 A 4, 1994 Gernheide 6,522,128 B1 2/2003 Ely et al. 
5334958 A 6, 1994 NE 6,523,416 B2 2/2003 Takagi et al. 
5.331.215 A 7/1994 Alleneral. 6,534,970 B1 3/2003 Ely et al. 
5.336,936 A 8/1994 Alleneal 6,535,200 B2 3/2003 Philipp 
5.330.313 A 8, 1994 O'Callaghan 6,570,557 B1 5/2003 Westerman et al. 
5,349.303 A 9, 1994 Gerpheide 28, 358 Sai 
5,374,787 A 12/1994 Miller et al. - w 
5.381.515 A 1, 1995 Platt etal 6,610,936 B2 8/2003 Gillespie et al. 
5,384.467 A 1/1995 Plimonet al. 25: R 1939 SEs 1 
5,408,194 A 4/1995 Steinbach et al. w 4 chediwy et al. 
5.488.204 A 1/1996 Mead etal 6,649,924 B1 1 1/2003 Philipp et al. 
5.495.077 A 2, 1996 Milleret al. 3. R: 39. Ea. 
5,541,878 A 7, 1996 LeMonchecket al. 6677.933 B1 1, 2004 Westerman 
5,543,588 A 8, 1996 Bisset et al. 6,680,731 B2 1/2004 Geroheide etal 
5,543,590 A 8/1996 Gillespie et al. 6.704,005 B2 3/2004 R et al. 
5,543,591 A 8/1996 Gillespie et al. W I 
5,555,907 A 9/1996 Philipp 6,705,511 B1 3/2004 Dames et al. 
5,565,658 A * 10, 1996 Gerpheide et al... 178/1802 8. 3. ES 1 
5,566,702 A 10/1996 Philipp 6.750.852 B2 6/2004 E. el . 
5,629,891 A 5, 1997 LeMonchecket al. 6,788,221 B1 9/2004 Ple 
5,648,642 A 7, 1997 Miller et al. 6,788.52 B2 92004 S. 
5,682,032 A 10/1997 Philipp sys 
5,730,165. A 3, 1998 Phili 6,798,218 B2 9/2004 Kasperkovitz 

7:1. A 365. SRA et al. E. E. RS SE" 
5,757,368 A 5/1998 Gerpheide et al. wal - atSuitusa 
5,763.909 A 6, 1998 Mead etal 6,856,433 B2 2/2005 Hatano et al. 
5,767.457 A 6/1998 Gerpheide et al. 6,873,203 B1 3/2005 Latham, II et al. 
5,796.183 A 8, 1998 H d 6,888,538 B2 5/2005 Ely et al. 
5812,698 A 9, 1998 E. 6,893,724 B2 5/2005 Lin et al. 
5,841,078 A 1 1/1998 Miller et al. 6,903.402 B2 6/2005 Miyazawa 
5.844.265 A 12/1998 Mead etal 6,904,570 B2 6/2005 Foote et al. 
5,854,625 A 2, 1998 Frischet al. 3.68. R: 2.38 Misawa 
5,861,583 A 1/1999 Schedivvy et al. 7030,782 B2 4/2006 El 
5.861875. A 1/1999 Geroheide W - W yet al. 
5.864.342 A 1, 1999 SESS 7,030,860 B1 4/2006 Hsu et al. 
5,864,392 A 1/1999 Winkhofer et al. 7,046,230 B2 5/2006 Zadesky et al. 
5,872,561 A 2/1999 Figie etal 7,109,978 B2 9/2006 Gillespie et al. 
5,880411 A 3/1999 Gilespie et al. 2. 3. is a 
5,889,236 A 3/1999 Gillespie et al. 733.70s B2 11/2006 E1 1 
5.914465. A 6, 1999 Allen etal k - - yet al. 
5.914708 A 6, 1999 LaG et al 7,141,968 B2 11/2006 Hibbs et al. 
5920,309 A 7, 1999 s g 7,141,987 B2 11/2006 Hibbs et al. 
5.920.310 A 7, 1999 E. e " 7,151,528 B2 12/2006 Taylor et al. 
5926,566 A 7, 1999 s' 7,158,056 B2 1/2007 Wright et al. 
59.42733 A 8, 1999 YES al. 7.212,189 B2 5/2007 Shaw etal 
$563 A $56, NRNA 7.253,643 B1* 8/2007 Seguine ........................ 324,686 

6. A 6.36 E." 7,288,977 B2 10/2007 Stanley et al. 
6,023.422 A 2, 2000 A. tal 7,298,124 B2 11/2007 Kan et al. 
85.837. A 556 (Nial 7,453,444 B2 * 1 1/2008 Geaghan ....................... 345,173 

6,028959 A 2, 2000 W p al 7.466,307 B2 12/2008 Trent, Jr. et al. 
863. A $588 OVE 7,499,040 B2 3/2009 Zadesky et al. 

6,097.432 A 8, 2000 NET 7,580,030 B2 8/2009 Marten ......................... 345,173 
6,148,104. A 1/2000 Wang et al. 7,609.253 B2 * 10/2009 Trent et al. ...... ... 345,173 
6.185.450 B1 2/2001 Seguine et al. 7,643,011 B2 1/2010 O'Connor et al. ............ 345,173 
6,188,228 B 2/2001 Philipp 7,663,607 B2 2/2010 Hotelling et al. 
6,188,391 B1 2/2001 Seely et al. 7,730.401 B2 62010 Gillespie et al. 
6.222,528 B1 4/2001 Gerpheide et al. 7,825.905 B2 * 1 1/2010 Philipp ......................... 345,173 
6,239,389 B1 5/2001 Allen et al. 7,932,897 B2 4/2011 Elias 
6.249,447 B1 6/2001 Boylan et al. 2002fOO63688 A1 5, 2002 Shaw et al. 
6,262,717 B1 7/2001 Donohue et al. 2003/0062889 A1 4/2003 Ely et al. 

  



US 8,144,126 B2 
Page 3 

2004/0178989 A1 9, 2004 Shahoian et al. 
2005.0024341 A1 2/2005 Gillespie et al. 
2005/0052429 A1 3/2005 Philipp 
2005/0270273 A1* 12/2005 Marten ......................... 345,173 
2006, OO32680 A1 2/2006 Elias et al. 
2006/0066582 A1 3/2006 Lyon et al. 
2006/0139469 A1* 6/2006 Yokota et al. ................. 348,272 
2006/0273804 A1 12/2006 Delorme et al. 
2007/0229468 A1 10/2007 Peng et al. 
2007/0268272 A1* 11/2007 Perski et al. .................. 345,173 
2008.0007434 A1 1/2008 Hristov 
2008.0024455 A1 1/2008 Lee et al. ...................... 345,173 
2008/0062140 A1* 3/2008 Hotelling et al. ............. 345,173 
2008/0088595 A1 4/2008 Liu et al. ....................... 345,173 
2009,0085894 A1* 4, 2009 Gandhi et al. . 
2009/0096758 A1* 4/2009 Hotelling et al. .. 
2009,02899.02 A1* 11, 2009 Carvik et al. . 
2009/0309851 A1* 12, 2009 Bernstein . 
2009/0322351 A1* 12, 2009 McLeod .. 

345, 175 
345,173 
345,173 
345,174 
324,658 

2010.0033423 A1* 2, 2010 IO ............... 345,156 
2010/0302198 A1* 12/2010 Tasher et al. .................. 345,173 

FOREIGN PATENT DOCUMENTS 

WO WOOOO2188 A1 1, 2000 

OTHER PUBLICATIONS 

Ryan Seguine, et al., “Layout Guidelines for PSoCTM CapSenseTM”, 
Cypress Application Note AN2292, Revision B, Oct. 31, 2005, pp. 
1-15. 
Dennis Seguine, "Capacitive Switch San', Cypress ApplicationNote 
AN2233a, Revision B, Apr. 14, 2005, pp. 1-6. 
Dave Van Ess, “Understanding Switched Capacitor Analog Blocks'. 
Cypress Application Note AN2041, Revision B. Mar. 30, 2004, pp. 
1-1. 
Mark Lee, "CapSense Best Practices”. Cypress Application Note 
AN2394, Rev.*.*, Oct. 19, 2006, pp. 1-10. 
CSR User Module Data Sheet, CSR v 1.0, CY8C21x34 Data Sheet, 
Oct. 6, 2006, pp. 1-36. 
CSD User Module Data Sheet, CSD v1.0, Oct. 23, 2006, pp. 1-58. 
“The Virtual Keyboard: I-Tech Bluetooth/Serial Virtual Laser Key 
board available now!”. The Virtual Laser Keyboard (VKB) online 
worldwide shop, http://www.virtual-laser-keyboard.com, 4 pages, 
downloaded Apr. 13, 2006. 
“CY8C21x34 Data Sheet'. Cypess Semiconductor Corporation, 
CSR User Module, CSR v 1.0, Oct. 6, 2005, pp. 1-36. 
USPTO Notice of Allowance for U.S. Appl. No. 1 1/489,944 dated 
May 24, 2007: 2 pages. 

USPTO Notice of Allowance for U.S. Appl. No. 1 1/489,944 dated 
Apr. 9, 2007; 7 pages. 
USPTO Non-Final Rejection for U.S. Appl. No. 1 1/493,350 dated 
Jun. 16, 2010; 8 pages. 
USPTO Notice of Allowance for U.S. Appl. No. 10/888,666 dated 
Aug. 2, 2006; 11 pages. 
Sedra, Adel S. et al., “Microelectronic Circuits,’ 3rd Edition, Oxford 
University Press, pp. xiii-xx and 861-883, 1991; 20 pages. 
Van Ess, David, “Simulating a 555 Timer with PSoC(TM).” Cypress 
Semiconductor Corporation, Application Note AN2286, pp. 1-10, 
May 19, 2005; 10 pages. 
Cypress Semiconductor Corporation, “FAN Controller 
CG6457AM.and CG6462AM.” PSoC(TM) MixedOSignal Array Pre 
liminary Data Sheet, pp. 1-25, May 24, 2005; 25 pages. 
Cypress Semiconductor Corporation, “PsOC Mixed-Signal Control 
lers.” Product Description, pp. 1-2, http://www.cypress.com/portal/ 
serverpt?space=CommunityPage&control=SetCommunity&Com 
munityID=209&PageID=214&gid=13&fid=24&category=false, 
(Sep. 27, 2005); 2 pages. 
USPTO Non-Final Rejection for U.S. Appl. No. 1 1/493,350 Nov. 9, 
2010; 9 pages. 
“IBM PC keyboard”. Wikipedia, the free encyclopedia, 3 pages, 
http://en.wikipedia.org/wiki/PC keyboard dated May 19, 2006; 3 
pageS. 
USPTO Non-Final Rejection for U.S. Appl. No. 1 1/442,212 dated 
Feb. 25, 2011; 13 pages. 
USPTO Final Rejection for U.S. Appl. No. 1 1/493,350 dated Jul. 12, 
2011; 12 pages. 
USPTO Non-Final Rejection for U.S. Appl. No. 1 1/493,350 dated 
Mar. 30, 2011; 11 pages. 
USPTO Notice of Allowance for U.S. Appl. No. 1 1/396,179 dated 
Oct. 13, 2011; 7 pages. 
USPTO Notice of Allowance for U.S. Appl. No. 1 1/396,179 dated 
Jul. 1, 2011; 11 pages. 
USPTO Notice of Allowance for U.S. Appl. No. 1 1/396,179 dated 
Feb. 3, 2011; 10 pages. 
USPTO Notice of Allowance for U.S. Appl. No. 1 1/396,179 dated 
May 20, 2010; 10 pages. 
USPTO Notice of Allowance for U.S. Appl. No. 1 1/396,179 dated 
Oct. 8, 2009; 7 pages. 
USPTO Non-Final Rejection for U.S. Appl. No. 1 1/396,179 dated 
Mar. 19, 2009; 25 pages. 
USPTO Requirement for Restriction for U.S. Appl. No. 1 1/396, 179 
dated Feb. 3, 2009; 6 pages. 

* cited by examiner 

  



U.S. Patent Mar. 27, 2012 Sheet 1 of 11 US 8,144,126 B2 

  



US 8,144,126 B2 Sheet 2 of 11 Mar. 27, 2012 U.S. Patent 

(8)ÇOI (S)SOI 

ZÅ 88 No 

| Å 

| 95|| 

(I) ZOI 
4. | 75 

No 

| 28 || 

--- 

(0)ZOI 
No 

(I)ÇOI (0)90 I 

(Z) IOI 

lX ? 

(I)IOI 
Ox < > 

(O) IOI 



U.S. Patent Mar. 27, 2012 Sheet 3 of 11 US 8,144,126 B2 

O w cN cy 

E S 
2 

O d O O do is did 
O O O C) Z (Z (Z 

Row 1 1 1 1 1 

Row 2 1 1 1 1 

Pattern O O 1 1 1 1 10 

Pattern 1 1 O 1 1 

Pattern 2 1 1 O 1 -N 
O 109 

Pattern 3 1 1 1 

SCan Results for no Button Press 

FIG. 1C 

9 SN 2 
11 

3 3 3 3 2 (2 : : 
Row 0 1 1 1 1 

Row 1 1 0 1 1 

Pattern O O 1 1 1 113 

Pattern 1 1 O 1 1 

Pattern 2 1 1 O 1 N 

Pattern 3 1 1 1 O 

Scan Results for Button (1,1) Pressed 

FIG. 1D 

  

  



US 8,144,126 B2 Sheet 4 of 11 Mar. 27, 2012 U.S. Patent 

Z * OIH 

0ZZ pea IosuæS 

ISZ (H/H ISOH 

  



U.S. Patent Mar. 27, 2012 Sheet 5 of 11 US 8,144,126 B2 

300 Y 
Varying Capacitance Sensor 

Element 

Adjacent Conductor 
Capacitor with Shunt 

Floating 
Ground 

Conductive 
Capacitive Sensor Object 

Element 307 303 
Capacitance Sensing 

Pin 

Dielectric 306 
Material 
304 

Conductors 
305 

System Ground 

FIG. 3B 

  

  

  



U.S. Patent Mar. 27, 2012 Sheet 6 of 11 US 8,144,126 B2 

Relaxation Oscillator 

355 

FIG. 3C 

control sw, Sw, Control 
log 0 on of 393, 

Sensor 
Elemenu-1.l. 
351 
(e.g., - - - - - - - - - - - - - - - - - 

switching 
capacitor of 
sigma-delta 
modulator) 

FIG. 3D 

  

  



(NOSSE-(I)999 

US 8,144,126 B2 

007 

U.S. Patent 
  



US 8,144,126 B2 

00,7 

U.S. Patent 

  



US 8,144,126 B2 Sheet 9 of 11 Mar. 27, 2012 U.S. Patent 

S ‘OIH 
3õue?oedeo -uON 

  



US 8,144,126 B2 Sheet 10 of 11 Mar. 27, 2012 U.S. Patent 

  

    

  

  

  

  

  

  

  

  

    

  

  

  

  



U.S. Patent 

700 

Connect all sensor 
elements together 

706 

Perform baseline 
measurement 707 

Measure capacitance 
708 

Capacitance > 
baseline 

709 

Yes 

No 

Sleep for period of 
time (e.g., 100ms) 

710 

Mar. 27, 2012 Sheet 11 of 11 

O Start 7 

Measure capacitance 
of each sensor 

element in turn 702 

Perform conductive 
object detection 

algorithm 
T03 

Conductive Object 
present? 

704 

Send Button press 
data 705 

FIG. 7 

US 8,144,126 B2 

  

  

  

  

  

  

  

  

    

    

  

    

  

    

  

  



US 8,144,126 B2 
1. 

REDUCING SLEEP CURRENT INA 
CAPACITANCE SENSING SYSTEM 

TECHNICAL FIELD 

This invention relates to the field of user interface devices 
and, in particular, to touch-sensor devices. 

BACKGROUND 
10 

Computing devices, such as notebook computers, personal 
data assistants (PDAs), kiosks, and mobile handsets, have 
user interface devices, which are also known as human inter 
face devices (HID). One such user interface device is a remote 
control having multiple buttons for controlling a separate 15 
device, such as a television (TV), video cassette recorder 
(VCR), digital video recorder (DVR), digital video disc 
(DVD) player receiver, computer, radio, lights, fans, indus 
trial equipment, or the like. Conventional remote controls, 
however, are limited to having mechanical buttons. 2O 

Capacitance sensing is used in wide variety of user inter 
face applications. Examples include touchpads on notebook 
computers, touchscreens, slider controls used for menu navi 
gation in cellular phones, personal music players, and other 
hand held electronic devices. One type of capacitance touch- 25 
sensor device operates by way of capacitance sensing utiliz 
ing capacitive sensors. The capacitance detected by a capaci 
tive sensor changes as a function of the proximity of a 
conductive object to the sensor. The conductive object can be, 
for example, a stylus or a user's finger. The touch-sensor 30 
devices may include single sensor elements or elements 
arranged in multiple dimensions for detecting a presence of 
the conductive object on the touch-sensor device. Regardless 
of the method, usually an electrical signal representative of 
the capacitance detected by each capacitive sensor is pro- 35 
cessed by a processing device, which in turn produces elec 
trical or optical signals representative of activation, position, 
or the like of the conductive object in relation to the touch 
sensor device. Such as a touch-sensor pad. A touch-sensor 
strip, slider, or button operates on the same capacitance- 40 
sensing principle. 

Capacitance sensing has been implemented in a wide vari 
ety of electronic devices to replace mechanical buttons in the 
electronic devices. Capacitance sensing has many advantages 
over conventional cursor control devices, mechanical 45 
Switches, and rotary encoders. A principal Such advantage is 
the lack of moving parts, which allows capacitance sensing to 
provide great improvements in reliability since there are no 
moving parts to wear out. 

Typically, a capacitance sensing system detects changes in 50 
capacitance between a sensing element and electrical ground. 
For example, in a cap sense button, when the users’ finger is 
in close proximity to the sensor element, a capacitance is 
formed between the sensor element and the finger—and as 
the finger is effectively at a ground potential, a detectable 55 
capacitance to ground is present when the user's finger is 
close to the sensor element. In a touchpad or slider, the posi 
tion of the user's finger is detected by measuring the differ 
ence in capacitance to ground between a number of sensing 
elements arranged as an array. 60 
One disadvantage of capacitance sensing systems is that 

the capacitance sensing systems sometimes consume more 
power in the “sleep” mode than do their mechanical equiva 
lents. For example, considera remote control Such as a typical 
audio-visual remote control used to controla TV, VCR, DVD, 65 
etc. Typically, Such a device may have 40 buttons, including 
the digits 0-9, Volume up/down, channel up/down, etc. In a 

2 
conventional button implementation, the mechanical 
switches would be arranged as an array of eight by five (8x5) 
buttons, with "scan’ and “sense' rows and columns of 
switches. When no button is pressed, the remote control is in 
the lowest possible power-consumption state in order to 
maximize battery life. In this state, typically all the row con 
nections are connected via a resistor to a high Voltage and all 
the column connections are connected to ground. When a 
button is pressed, one or more of the row connections are 
pulled to ground through the Switch, causing current to flow 
through the resistor(s). This then wakes up the controller IC 
which begins scanning the rows and columns to determine 
which button has been pressed. However, when no button is 
pressed, there is no current flow at all. 

FIG. 1A illustrates a block diagram of a conventional 
remote control 100 having multiple buttons. The multiple 
buttons are implemented using a key matrix 102. The key 
matrix 102, as described in more detail with respect to FIGS. 
1B, 1C, and 1D, is coupled to a microcontroller unit (MCU) 
101. The MCU 101 is coupled to power circuitry that may 
include a power source. Such as one or more batteries, a power 
transistor, and a diode. The MCU 101 may be an embedded 
controller that performs a variety of tasks, all of which help to 
cut down on the overall system overhead. The MCU 101 may 
monitor the buttons and report to the main computer when 
ever a button is pressed or released. 
FIG.1B illustrates a conventional key matrix 102 of FIG.1. 

The conventional key matrix 102 includes multiple rows (X0 
X2) 101(0)-101(2), and multiple columns (Y0-Y2) 102(0)- 
102(2). All the rows 101(0)-101(2) are each connected to a 
pull-up resistor (e.g., 103(0)-103(2)), and all the columns 
102(0)-102(2) are each connected to a pull-down transistor 
(e.g., 104(0)-104(2)), such as an N-Channel MOSFET. 
Above the key matrix 102 there are multiple buttons 105(0)- 
105(8). Upon pressing a button, the corresponding row and 
column (X, Y) are shorted together. For example, the row X 
will read “0” otherwise the row X is “1” Each button sits over 
two isolated contacts of its corresponding row and column in 
the scan matrix. When abutton is pressed, the two contacts are 
shorted together, and the row and column of the button are 
electrically connected. 

FIG. 1C illustrates scan results for no buttons pressed on a 
conventional key matrix. The controller writes a scan pattern 
109 out to the column lines consisting of all “1's and one “O'” 
which is shifted through each column. In FIG. 1C no buttons 
are pressed, resulting in all “1's in the scan results 110 being 
read at the row lines. FIG. 1D illustrates scan results for a 
button 111 pressed on a conventional key matrix. The con 
troller writes a scan pattern 112 out to the column lines 
consisting of all '1's and one “O'” which is shifted through 
each column. The scan results 113 are then read at the row 
lines. If a “0” is propagated to a row line, then the button 111 
at the intersection of that column and row has been pressed. 

However, in a typical capacitance sensing implementation 
of the same remote control, the controller must wake periodi 
cally (e.g., typically every 100 milliseconds (ms)) and mea 
sure the capacitance on each button in order to detect whether 
or not a finger is present. Typically, Such a measurement may 
take 250 microseconds (us) including the time taken to make 
the actual measurement and the associated processing time. 
Therefore, in a 40-button system it may take 10 ms to detect 
whether or not a button has been pressed. If the controller 
consumes 2.5 milliamps (mA) while performing Such scan 
ning, the average current consumption of the device when no 
button is pressed is approximately 250 micro amps (LLA). 
Such a high 'sleep' current is regarded as being unacceptable 
by most remote control manufacturers because of the result 
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ing short battery life, and capacitance sensing has therefore 
not been widely used in remote controls and other battery 
powered devices. 

Similar high sleep current is present in track pads and 
sliders, but the applications are often more tolerant of a high 5 
sleep current, because of the usage models of Such devices. 
Even in these applications, a reduction in sleep current would 
still be beneficial. 

Using capacitance sensing in remote controls may result in 
high “sleep' current when no finger is present on the device in 10 
order to be able to quickly detect the presence of a finger when 
that occurs. Also, the key matrices cannot be built in very 
Small areas because it is limited by the pull-up resistor and 
mechanical button for each button. For example, the 
mechanical button of each button may have an area of about 15 
0.5 centimeters (cm)x0.5 cm. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention is illustrated by way of example, and 20 
not by way of limitation, in the figures of the accompanying 
drawings. 

FIG. 1A illustrates a block diagram of a conventional 
remote control having multiple buttons. 

FIG. 1B illustrates a key matrix of a conventional key- 25 
board. 

FIG. 1C illustrates scan results for no keyboard keys 
pressed on a conventional key matrix. 

FIG. 1D illustrates scan results for a keyboard key pressed 
on a conventional key matrix. 30 

FIG. 2 illustrates a block diagram of one embodiment of an 
electronic system having a processing device for detecting a 
presence of a conductive object. 

FIG. 3A illustrates a varying capacitance sensor element. 
FIG. 3B illustrates one embodiment of a sensing device 35 

coupled to a processing device. 
FIG. 3C illustrates one embodiment of a relaxation oscil 

lator for measuring capacitance on a sensor element. 
FIG. 3D illustrates a schematic of one embodiment of a 

circuit including a sigma-delta modulator and a digital filter 40 
for measuring capacitance on a sensor element. 

FIG. 4A illustrates a block diagram of one embodiment of 
an electronic device including a processing device that 
includes a capacitance sensor for measuring the capacitance 
on a touch panel in a first mode. 45 

FIG. 4B illustrates the electronic device of FIG. 4A in a 
second mode. 

FIG. 5 illustrates a block diagram of one embodiment of an 
electronic device including a processing device that includes 
capacitance sensors for measuring the capacitance on a slider. 50 

FIG. 6 illustrates a block diagram of one embodiment of an 
electronic device including a processing device that includes 
two capacitance sensors for measuring the capacitance on a 
sensor array. 

FIG. 7 illustrates a flow chart of one embodiment of a 55 
method for coupling a group of sensor elements together 
when in a reduced power mode. 

DETAILED DESCRIPTION 
60 

Described herein are an apparatus and a method for reduc 
ing power consumption in a capacitance sensing device in a 
reduced power mode. The following description sets forth 
numerous specific details such as examples of specific sys 
tems, components, methods, and so forth, in order to provide 65 
a good understanding of several embodiments of the present 
invention. It will be apparent to one skilled in the art, however, 

4 
that at least some embodiments of the present invention may 
be practiced without these specific details. In other instances, 
well-known components or methods are not described in 
detail or are presented in simple block diagram format in 
order to avoid unnecessarily obscuring the present invention. 
Thus, the specific details set forth are merely exemplary. 
Particular implementations may vary from these exemplary 
details and still be contemplated to be within the spirit and 
Scope of the present invention. 
Embodiments of a method and apparatus are described to 

couple a group of sensor elements together in one mode to 
collectively measure a capacitance on the group of sensor 
elements, in addition to individually measuring a capacitance 
on each of the sensor elements in another mode. In one 
embodiment of the method, if, while individually measuring 
the capacitance on each of the sensor elements, a presence of 
a conductive object is not detected, then a group of sensor 
elements are coupled together and a capacitance on the group 
of sensor elements is collectively measured. In one embodi 
ment, the apparatus includes a processing device, and mul 
tiple sensor elements coupled to the processing device. The 
processing device may be individually coupled to the pro 
cessing device in a first mode, and a group of sensor elements 
are collectively coupled to the processing device in a second 
mode when a presence of a conductive object is not detected 
on the multiple sensor elements in the first mode. 

Touch-sensitive devices operate on a scanning basis. Each 
sensor element is connected to the capacitance sensing circuit 
in turn through an electronic Switch, and its capacitance is 
measured. When no finger is present (e.g., the capacitance to 
ground from all sensor elements is Small), in some embodi 
ments a “coarse' measurement of capacitance is made, mea 
Suring the capacitance of each of the sensor elements in turn. 
If this coarse measure measurement is greater than a certain 
pre-determined minimum value, then a more accurate mea 
Surement is made of the capacitance on all of the sensor 
elements. However, it can be seen that for a system with a 
large number of buttons, a long slider, or a touchpad, that 
many capacitance measurements are made in order simply to 
detect whether or not a finger is present. 
The embodiments described herein, rather than measuring 

the capacitance of each of the sensor elements in turn, a group 
of the sensor elements are connected together, and a single 
'coarse' measurement of the total aggregate capacitance on 
the group of sensor elements is made. If the total aggregate 
capacitance is greater than a pre-determined minimum value, 
then scanning the sensor elements individually can be used to 
determine which button has been pressed, or where on the 
slider or touchpad the finger is located. 

In one embodiment, the group of sensor elements can be all 
of the sensorelements in the touch-sensitive device. This may 
be done in some cases where the touch-sensor buttons are 
separated from one another (e.g., not adjacent to one another) 
and a finger on or near one button does not cause significant 
rise in capacitance on the other separated buttons. Alterna 
tively, when the sensor elements are sufficiently close 
together, a detectable change in capacitance may be measured 
using less than all of the sensor elements, for example, /2, /3, 
/4, or other fractions of the sensor elements can be coupled 
together in alternating or non-alternating patters. For 
example, every other sensor element is coupled together to 
collectively measure the capacitance, and a finger on or near 
an unconnected sensor element does cause significant rise in 
capacitance on the alternating coupled sensor elements to 
measure a detectable change in capacitance. In one exem 
plary embodiment, when implementing a slider, which 
includes a number of closely-located sensor elements, half of 
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the sensor elements may be coupled together for collectively 
measuring the capacitance on the slider (e.g., “coarse' mea 
Surement) in the second mode, and all of the sensor elements 
are individually measured in the first mode. This may have the 
advantage of reducing the background “parasitic' capaci 
tance to ground, and thus, reducing the time taken to make the 
'coarse' measurement in the second mode since less than all 
of the sensor elements are coupled together in the second 
mode. Similarly, in one embodiment of a touchpad imple 
mentation, only the rows or columns, but not both may be 
connected together when taking the “coarse' measurement 
on the coupled sensor elements during the second mode. In 
another embodiment, only half of the rows or columns (e.g., 
alternating rows or columns) are coupled together to make the 
'coarse' measurement during the second mode. Alterna 
tively, other configurations are possible. 
By making only a single capacitance measurement during 

each sensing interval when no finger (or other conductive 
object) is present, the time taken to determine whether a 
finger has recently become present is greatly reduced. Thus, 
the power consumption in 'sleep' mode is similarly reduced, 
such as by reducing the “sleep' current in the “sleep” mode. 
The “sleep” mode is a reduced power mode, as compared to 
the active or normal mode. The parasitic capacitance of the 
sensor elements to ground may be greater when all of the 
sensor elements are connected together than for an individual 
sensor element, and the time taken to measure the capacitance 
may be proportional to the capacitance to ground. For 
example, in the 40-button remote control example, the time 
taken to measure the capacitance of all 40 buttons connected 
together may be 500 us, as opposed to the 250 us for an 
individual button. As such, when implementing the embodi 
ments described herein, the “sleep' current may be reduced 
from 250 LA to 12.5 LA. The embodiments described herein 
may provide an advantage of using capacitance sensing in 
remote control and other battery-operated devices because 
the power consumption in the reduced power mode is 
reduced. 
The embodiments described herein have other applications 

apart from reducing sleep current. As the combined area of all 
or a fraction of the sensor elements is much greater than that 
of a single sensor element, the capacitance between the com 
bined area and a finger that is close, but not touching the 
sensor elements is much greater than between the finger and 
a single sensor element. As such, the capacitance on the 
connected sensor elements can be more accurately measured 
than the capacitance on the single sensor element. This char 
acteristic may be used to provide additional features, such as, 
for example, a remote control could potentially detect a hand 
moved overitat several inches distance. This could be used to 
turn on a backlight, enabling a user to locate the remote 
control in a dark room simply by waving a hand over the 
approximate location of the remote control, for example, on a 
side table. Similarly, the embodiments described herein may 
be used to detect and interpret gestures made in the air over 
the touch-sensitive device (e.g., touchpad). Such gestures 
could be separate from and independent of the usual gestures 
typically recognized by the touch-sensitive device. For 
example, in one embodiment, the page-up and page-down 
gestures are activated by waving a finger or hand over the top 
of the touch-sensitive device (e.g., touchpad) without touch 
ing the Surface. Alternatively, other types of gestures may be 
implemented. 

It should be noted that in other embodiments, the capaci 
tance sensing applications may use a pair of capacitance 
sensing circuits, allowing two buttons (or sensor elements of 
a touchpad or a slider) to be sensed simultaneously. In one 
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6 
embodiment, half of the sensor elements active in “sleep” 
mode may be connected to each of the sensing circuits, and 
two "coarse' capacitance measurements are made simulta 
neously. This may have the advantage of reducing the time 
taken to make the capacitance measurement, as the parasitic 
capacitance of each group is less than the parasitic capaci 
tance when both groups are combined. 
The embodiments described herein may provide an advan 

tage over conventional capacitance sensing systems by reduc 
ing sleep current to a level where capacitance sensing 
becomes a viable option for in applications where the current 
consumption of conventional capacitance sensing systems is 
unacceptably high. The embodiments described herein may 
also provide the benefit of increasing battery life of the 
device. The embodiments described herein may also enable 
detection of conductive objects (e.g., fingers or hands) at 
greater distances than conventional systems. 

It should be noted that the embodiments described herein 
are different than sensing devices that use a 2-stage sensing 
process. In the 2-stage sensing process, the sensor elements 
are divided into multiple groups, and each group of sensor 
elements is connected together and the aggregate capacitance 
of each group is measured to determine in which group the 
finger is detected. Then when it has been determined in which 
group the finger is located, each of the sensor elements of that 
group is sensed individually. In the embodiments described 
herein, only a single group of sensor elements (e.g., a fraction 
orall of the sensorelements) is measured, rather than multiple 
groups of sensor elements that measured each in turn. The 
embodiments described herein also only measure a group of 
coupled sensor elements when no conductive object is 
detected on the device. 

FIG. 2 illustrates a block diagram of one embodiment of an 
electronic system having a processing device for detecting a 
presence of a conductive object. Electronic system 200 
includes processing device 210, touch-sensorpad 220, touch 
sensor slider 230, touch-sensor buttons 240, host processor 
250, embedded controller 260, and non-capacitance sensor 
elements 270. The processing device 210 may include analog 
and/or digital general purpose input/output (“GPIO) ports 
207. GPIO ports 207 may be programmable. GPIO ports 207 
may be coupled to a Programmable Interconnect and Logic 
(“PIL), which acts as an interconnect between GPIO ports 
207 and a digital blockarray of the processing device 210 (not 
illustrated). The digital block array may be configured to 
implement a variety of digital logic circuits (e.g., DAC, digi 
tal filters, digital control systems) using, in one embodiment, 
configurable user modules (“UMs). The digital block array 
may be coupled to a system bus (not illustrated). Processing 
device 210 may also include memory, such as random access 
memory (RAM) 205 and program flash 204. RAM 205 may 
be static RAM (SRAM) or the like, and program flash 204 
may be a non-volatile storage, or the like, which may be used 
to store firmware (e.g., control algorithms executable by pro 
cessing core 202 to implement operations described herein). 
Processing device 210 may also include a memory controller 
unit (MCU) 203 coupled to memory and the processing core 
202. 
The processing device 210 may also include an analog 

block array (not illustrated). The analog block array is also 
coupled to the system bus. Analog block array also may be 
configured to implement a variety of analog circuits (e.g., 
ADC, analog filters) using, in one embodiment, configurable 
UMs. The analog block array may also be coupled to the 
GPIO 207. 
As illustrated, capacitance sensor 201 may be integrated 

into processing device 210. Capacitance sensor 201 may 
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include analog I/O for coupling to an external component, 
such as touch-sensorpad 220, touch-sensor slider 230, touch 
sensor buttons 240, and/or other devices. Capacitance sensor 
201 and processing device 210 are described in more detail 
below. 

It should be noted that the embodiments described herein 
are not limited to touch-sensor pads for notebook implemen 
tations, but can be used in other capacitive sensing implemen 
tations, for example, the sensing device may be a touch 
screen, a touch-sensor slider 230, or a touch-sensor button 
240 (e.g., capacitance sensing button). It should also be noted 
that the embodiments described herein may be implemented 
in other sensing technologies than capacitive sensing, Such as 
resistive, optical imaging, Surface acoustical wave (SAW), 
infrared, dispersive signal, and strain gauge technologies. 
Similarly, the operations described herein are not limited to 
notebook pointer operations, but can include other opera 
tions, such as lighting control (dimmer), temperature or envi 
ronmental control, Volume control, graphic equalizer control, 
speed control, or other control operations requiring gradual or 
discrete adjustments. It should also be noted that these 
embodiments of capacitive sensing implementations may be 
used in conjunction with non-capacitive sensing elements, 
including but not limited to pick buttons, sliders (ex. display 
brightness and contrast), Scroll-wheels, multi-media control 
(ex. Volume, track advance, etc.) handwriting recognition and 
numeric keypad operation. 

In one embodiment, the electronic system 200 includes a 
touch-sensor pad 220 coupled to the processing device 210 
via bus 221. Touch-sensorpad 220 may include a two-dimen 
sion sensor array. The two-dimension sensor array includes 
multiple sensor elements, organized as rows and columns. In 
another embodiment, the electronic system 200 includes a 
touch-sensor slider 230 coupled to the processing device 210 
via bus 231. Touch-sensor slider 230 may include a single 
dimension sensor array. The single-dimension sensor array 
includes multiple sensor elements, organized as rows, or 
alternatively, as columns. In another embodiment, the elec 
tronic system 200 includes touch-sensor buttons 240 coupled 
to the processing device 210 via bus 241. Touch-sensor button 
240 may include a single-dimension or multi-dimension sen 
sor array. The single- or multi-dimension sensor array 
includes multiple sensor elements. For a touch-sensor button, 
the sensor elements may be coupled together to detect a 
presence of a conductive object over the entire surface of the 
sensing device. Alternatively, the touch-sensor button 240 has 
a single sensor element to detect the presence of the conduc 
tive object. In one embodiment, the touch-sensor button 240 
may be a capacitance sensor element. Capacitance sensor 
elements may be used as non-contact sensors. These sensor 
elements, when protected by an insulating layer, offer resis 
tance to severe environments. 

The electronic system 200 may include any combination of 
one or more of the touch-sensor pad 220, touch-sensor slider 
230, and/or touch-sensor button 240. In another embodiment, 
the electronic system 200 may also include non-capacitance 
sensor elements 270 coupled to the processing device 210 via 
bus 271. The non-capacitance sensor elements 270 may 
include buttons, light emitting diodes (LEDs), and other user 
interface devices, such as a mouse, a keyboard, a display, or 
other functional keys that do not require capacitance sensing. 
In one embodiment, buses 271, 241, 231, and 221 may be a 
single bus. Alternatively, these buses may be configured into 
any combination of one or more separate buses. 
The processing device 210 may also provide value-added 

functionality Such as keyboard control integration, LEDs, 
battery charger, and general purpose I/O, as illustrated as 
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8 
non-capacitance sensor elements 270. Non-capacitance sen 
sor elements 270 are coupled to the GPIO 207. 

Processing device 210 may include internal oscillator/ 
clocks 206 and communication block 208. The oscillator/ 
clocks block 206 provides clock signals to one or more of the 
components of processing device 210. Communication block 
208 may be used to communicate with an external compo 
nent, such as a host processor 250, via host interface (I/F) 251. 
Alternatively, processing block 210 may also be coupled to 
embedded controller 260 to communicate with the external 
components, such as host 250. Interfacing to the host 250 can 
be through various methods. In one exemplary embodiment, 
interfacing with the host 250 may be done using a standard 
PS/2 interface to connect to an embedded controller 260, 
which in turn sends data to the host 250 via a low pin count 
(LPC) interface. In some instances, it may be beneficial for 
the processing device 210 to do both touch-sensor pad and 
keyboard control operations, thereby freeing up the embed 
ded controller 260 for other housekeeping functions. In 
another exemplary embodiment, interfacing may be done 
using a universal serial bus (USB) interface directly coupled 
to the host 250 via host interface 251. Alternatively, the pro 
cessing device 210 may communicate to external compo 
nents, such as the host 250 using industry standard interfaces, 
such as USB, PS/2, inter-integrated circuit (I2C) bus, system 
packet interfaces (SPI), or the like. The host 250 and/or 
embedded controller 260 may be coupled to the processing 
device 210 with a ribbon or flex cable from an assembly, 
which houses the sensing device and processing device. 

In one embodiment, the processing device 210 is config 
ured to communicate with the embedded controller 260 or the 
host 250 to send and/or receive data. The data may be a 
command or alternatively a signal. In an exemplary embodi 
ment, the electronic system 200 may operate in both standard 
mouse compatible and enhanced modes. The standard-mouse 
compatible mode utilizes the HID class drivers already built 
into the Operating System (OS) software of host 250. These 
drivers enable the processing device 210 and sensing device 
to operate as a standard pointer control user interface device, 
such as a two-button PS/2 mouse. The enhanced mode may 
enable additional features Such as Scrolling or disabling the 
sensing device, such as when a mouse is plugged into the 
notebook. Alternatively, the processing device 210 may be 
configured to communicate with the embedded controller 260 
or the host 250, using non-OS drivers, such as dedicated 
touch-sensor pad drivers, or other drivers known by those of 
ordinary skill in the art. 

In one embodiment, the processing device 210 may operate 
to communicate data (e.g., commands or signals) using hard 
ware, Software, and/or firmware, and the data may be com 
municated directly to the processing device of the host 250, 
Such as a host processor, or alternatively, may be communi 
cated to the host 250 via drivers of the host 250, such as OS 
drivers, or other non-OS drivers. It should also be noted that 
the host 250 may directly communicate with the processing 
device 210 via host interface 251. 

In one embodiment, the data sent to the host 250 from the 
processing device 210 includes click, double-click, move 
ment of the pointer, Scroll-up, Scroll-down, Scroll-left, Scroll 
right, step Back, and step Forward. In another embodiment, 
the data sent to the host 250 includes the position or location 
of the conductive object on the sensing device. Alternatively, 
other user interface device commands may be communicated 
to the host 250 from the processing device 210. These com 
mands may be based on gestures occurring on the sensing 
device that are recognized by the processing device. Such as 
tap, push, hop, drag, and ZigZag gestures. Alternatively, other 



US 8,144,126 B2 

commands may be recognized. Similarly, signals may be sent 
that indicate the recognition of these operations. 

In particular, a tap gesture, for example, may be when the 
finger (e.g., conductive object) is on the sensing device for 
less than a threshold time. If the time the finger is placed on 
the touchpad is greater than the threshold time it may be 
considered to be a movement of the pointer, in the x- or 
y-axes. Scroll-up, Scroll-down, scroll-left, and Scroll-right, 
step back, and step-forward may be detected when the abso 
lute position of the conductive object is within a pre-defined 
area, and movement of the conductive object is detected. 

Processing device 210 may reside on a common carrier 
Substrate Such as, for example, an integrated circuit (IC) die 
substrate, a multi-chip module substrate, or the like. Alterna 
tively, the components of processing device 210 may be one 
or more separate integrated circuits and/or discrete compo 
nents. In one exemplary embodiment, processing device 210 
may be a Programmable System on a Chip (PSOC(R) process 
ing device, developed by Cypress Semiconductor Corpora 
tion, San Jose, Calif. Alternatively, processing device 210 
may be one or more other processing devices known by those 
of ordinary skill in the art, such as a microprocessor or central 
processing unit, a controller, special-purpose processor, digi 
tal signal processor (DSP), an application specific integrated 
circuit (ASIC), a field programmable gate array (FPGA), or 
the like. In an alternative embodiment, for example, the pro 
cessing device may be a network processor having multiple 
processors including a core unit and multiple microengines. 
Additionally, the processing device may include any combi 
nation of general-purpose processing device(s) and special 
purpose processing device(s). 

It should also be noted that the embodiments described 
herein are not limited to having a configuration of a process 
ing device coupled to a host, but may include a system that 
measures the capacitance on the sensing device and sends the 
raw data to a host computer where it is analyzed by an appli 
cation. In effect the processing that is done by processing 
device 210 may also be done in the host. In another embodi 
ment, the processing device 210 is the host. 

In one embodiment, the method and apparatus described 
herein may be implemented in a fully self-contained touch 
sensor pad, which outputs fully processed X/y movement and 
gesture data signals or data commands to a host. In another 
embodiment, the method and apparatus may be implemented 
in a touch-sensor pad, which outputs X/y movement data and 
also finger presence data to a host, and where the host pro 
cesses the received data to detect gestures. In another embodi 
ment, the method and apparatus may be implemented in a 
touch-sensor pad, which outputs raw capacitance data to a 
host, where the host processes the capacitance data to com 
pensate for quiescent and stray capacitance, and calculates 
X/y movement and detects gestures by processing the capaci 
tance data. Alternatively, the method and apparatus may be 
implemented in a touch-sensor pad, which outputs pre-pro 
cessed capacitance data to a host, where the touchpad pro 
cesses the capacitance data to compensate for quiescent and 
Stray capacitance, and the host calculates X/y movement and 
detects gestures from the pre-processed capacitance data. 
Alternatively, other configurations are possible. 

In one embodiment, the electronic system that includes the 
embodiments described herein may be implemented in a con 
ventional laptop touch-sensor pad. Alternatively, it may be 
implemented in a wired or wireless keyboard integrating a 
touch-sensor pad, which is itself connected to a host. In Such 
an implementation, the processing described above as being 
performed by the “host may be performed in part or in whole 
by the keyboard controller, which may then pass fully pro 
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10 
cessed, pre-processed or unprocessed data to the system host. 
In another embodiment, the embodiments may be imple 
mented in a mobile handset (e.g., cellular or mobile phone) or 
other electronic devices where the touch-sensor pad may 
operate in one of two or more modes. For example, the touch 
sensor pad may operate either as a touch-sensor pad for X/y 
positioning and gesture recognition, or as a keypad or other 
arrays of touch-sensor buttons and/or sliders. Alternatively, 
the touch-sensor pad, although configured to operate in the 
two modes, may be configured to be used only as a keypad. 

Capacitance sensor 201 may be integrated into the process 
ing device 210, or alternatively, in a separate IC. Alterna 
tively, descriptions of capacitance sensor 201 may be gener 
ated and compiled for incorporation into other integrated 
circuits. For example, behavioral level code describing 
capacitance sensor 201, orportions thereof, may be generated 
using a hardware description language. Such as VHDL or 
Verilog, and stored to a machine-accessible medium (e.g., 
Flash ROM, CD-ROM, hard disk, floppy disk, etc.). Further 
more, the behavioral level code can be compiled into register 
transfer level (“RTL') code, a netlist, or even a circuit layout 
and stored to a machine-accessible medium. The behavioral 
level code, the RTL code, the netlist, and the circuit layout all 
represent various levels of abstraction to describe capacitance 
sensor 201. 

It should be noted that the components of electronic system 
200 may include all the components described above. Alter 
natively, electronic system 200 may include only some of the 
components described above, or include additional compo 
nents not listed herein. 

In one embodiment, electronic system 200 may be used in 
a notebook computer. Alternatively, the electronic device 
may be used in other applications, such as a mobile handset, 
a personal data assistant (PDA), a kiosk, a keyboard, a tele 
vision, a remote control, a monitor, a handheld multi-media 
device, a handheld video player, a handheld gaming device, or 
a control panel. 

In one embodiment, capacitance sensor 201 may be a 
capacitance sensing relaxation oscillator (CSR). The CSR 
may be coupled to an array of sensorelements using a current 
programmable relaxation oscillator, an analog multiplexer, 
digital counting functions, and high-level software routines to 
compensate for environmental and physical sensor element 
variations. The sensor array may include combinations of 
independent sensor elements, sliding sensor elements (e.g., 
touch-sensor slider), and touch-sensor sensor element pads 
(e.g., touch pad or touch screen) implemented as a pair of 
orthogonal sliding sensor elements. The CSR may include 
physical, electrical, and Software components. The physical 
components may include the physical sensor element itself. 
typically a pattern constructed on a printed circuit board 
(PCB) with an insulating cover, a flexible membrane, or a 
transparent overlay. The electrical component may include an 
oscillator or other means to convert a capacitance into a 
measured value. The electrical component may also include a 
counter or timer to measure the oscillator output. The soft 
ware component may include detection and compensation 
algorithms to convert the count value into a sensor element 
detection decision (also referred to as switch detection deci 
sion). For example, in the case of slider sensor elements or 
X-Y touch-sensor sensor element pads, a calculation for find 
ing position of the conductive object to greater resolution than 
the physical pitch of the sensor elements may be used. 

It should be noted that there are various known methods for 
measuring capacitance. Although some embodiments 
described herein are described using a relaxation oscillator, 
the present embodiments are not limited to using relaxation 
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oscillators, but may include other methods. Such as current 
Versus Voltage phase shift measurement, resistor-capacitor 
charge timing, capacitive bridge divider, charge transfer, 
sigma-delta modulators, charge-accumulation circuits, or the 
like. 
The current versus Voltage phase shift measurement may 

include driving the capacitance through a fixed-value resistor 
to yield voltage and current waveforms that are out of phase 
by a predictable amount. The drive frequency can be adjusted 
to keep the phase measurement in a readily measured range. 
The resistor-capacitor charge timing may include charging 
the capacitor through a fixed resistor and measuring timing on 
the Voltage ramp. Small capacitance values may require very 
large resistors for reasonable timing. The capacitive bridge 
divider may include driving the capacitor under test through a 
fixed reference capacitor. The reference capacitor and the 
capacitor under test forma Voltage divider. The Voltage signal 
may be recovered with a synchronous demodulator, which 
may be done in the processing device 210. The charge transfer 
may be conceptually similar to an R-C charging circuit. In this 
method, C is the capacitance being sensed. Cs is the 
Summing capacitor, into which charge is transferred on Suc 
cessive cycles. At the start of the measurement cycle, the 
Voltage on Cs is discharged. The Voltage on Cs 
increases exponentially (and only slightly) with each clock 
cycle. The time for this voltage to reach a specific threshold is 
measured with a counter. Additional details regarding these 
alternative embodiments have not been included so as to not 
obscure the present embodiments, and because these alterna 
tive embodiments for measuring capacitance are known by 
those of ordinary skill in the art. 

FIG. 3A illustrates a varying capacitance sensor element. 
In its basic form, a capacitance sensor element 300 is a pair of 
adjacent conductors 301 and 302. There is a small edge-to 
edge capacitance, but the intent of sensor element layout is to 
minimize the parasitic capacitance C between these conduc 
tors. When a conductive object 303 (e.g., finger) is placed in 
proximity to the two conductors 301 and 302, there is a 
capacitance between electrode 301 and the conductive object 
303 and a similar capacitance between the conductive object 
303 and the other electrode 302. The capacitance between the 
electrodes when no conductive object 303 is present is the 
base capacitance C that may be stored as a baseline value. 
There is also a total capacitance (C+C) on the sensor ele 
ment 300 when the conductive object 303 is present on or in 
close proximity to the sensor element 300. The baseline 
capacitance value C may be subtracted from the total capaci 
tance when the conductive object 303 is present to determine 
the change in capacitance (e.g., capacitance variation C) 
when the conductive object 303 is present and when the 
conductive object 303 is not present on the sensor element. 
Effectively, the capacitance variation C can be measured to 
determine whether a conductive object 303 is present or not 
(e.g., sensor activation) on the sensor element 300. 

Capacitance sensor element 300 may be used in a capaci 
tance sensor array. The capacitance sensor array is a set of 
capacitors where one side of each capacitor is connected to a 
system ground. When the capacitance sensor element 300 is 
used in the sensor array, when the conductor 301 is sensed, the 
conductor 302 is connected to ground, and when the conduc 
tor 302 is sensed, the conductor 301 is connected to ground. 
Alternatively, when the sensor element is used for a touch 
sensor button, the sensor element is sensed and the sensed 
button area may be surrounded by a fixed ground. The pres 
ence of the conductive object 303 increases the capacitance 
(C+C) of the sensor element 300 to ground. Determining 
sensor element activation is then a matter of measuring 
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change in the capacitance (C) or capacitance variation. Sen 
sor element 300 is also known as a grounded variable capaci 
tOr. 

The conductive object 303 in this embodiment has been 
illustrated as a finger. Alternatively, this technique may be 
applied to any conductive object, for example, a conductive 
door Switch, position sensor, or conductive pen in a stylus 
tracking System (e.g., stylus). 
The capacitance sensor element 300 is known as a pro 

jected capacitance sensor. Alternatively, the capacitance sen 
sor element 300 may be a surface capacitance sensor that does 
not make use of rows or columns, but instead makes use of a 
single linearized field, such as the Surface capacitance sensor 
described in U.S. Pat. No. 4.293,734. The surface capacitance 
sensor may be used in touch screen applications. 

FIG. 3B illustrates one embodiment of a capacitance sen 
sor element 307 coupled to a processing device 210. Capaci 
tance sensor element 307 illustrates the capacitance as seen 
by the processing device 210 on the capacitance sensing pin 
306. As described above, when a conductive object 303 (e.g., 
finger) is placed in proximity to one of the conductors 305, 
there is a capacitance, C, between the one of the conductors 
305 and the conductive object 303 with respect to ground. 
This ground, however, may be a floating ground. Also, there 
is a capacitance, C, between the conductors 305, with one of 
the conductors 305 being connected to a system ground. The 
grounded conductor may be coupled to the processing device 
210 using GPIO pin 308. The conductors 305 may be metal, 
or alternatively, the conductors may be conductive ink (e.g., 
carbon ink), conductive ceramic (e.g., transparent conductors 
of indium tin oxide (ITO)), conductive polymers, or the like. 
In one embodiment, the grounded conductor may be an adja 
cent sensor element. Alternatively, the grounded conductor 
may be other grounding mechanisms, such as a Surrounding 
ground plane. Accordingly, the processing device 210 can 
measure the change in capacitance, capacitance variation C, 
as the conductive object is in proximity to one of the conduc 
tors 305. Above and below the conductor that is closest to the 
conductive object 303 is dielectric material 304. The dielec 
tric material 304 above the conductor 305 can be an overlay. 
The overlay may be non-conductive material used to protect 
the circuitry from environmental conditions and electrostatic 
discharge (ESD), and to insulate the user's finger (e.g., con 
ductive object) from the circuitry. Capacitance sensor ele 
ment 307 may be a sensor element of a touch-sensor pad, a 
touch-sensor slider, or a touch-sensor button. 

FIG. 3C illustrates one embodiment of a relaxation oscil 
lator. The relaxation oscillator 350 is formed by the capaci 
tance to be measured on capacitor 351, a charging current 
source 352, a comparator 353, and a reset switch 354 (also 
referred to as a discharge switch). It should be noted that 
capacitor 351 is representative of the capacitance measured 
on a sensor element of a sensor array. The relaxation oscillator 
is coupled to drive a charging current (Ic) 357 in a single 
direction onto a device under test ("DUT") capacitor, capaci 
tor 351. As the charging current piles charge onto the capaci 
tor 351, the voltage across the capacitor increases with time as 
a function of Ic 357 and its capacitance C. Equation (1) 
describes the relation between current, capacitance, Voltage, 
and time for a charging capacitor. 

CcV=Idt (1) 

The relaxation oscillator begins by charging the capacitor 
351, at a fixed current Ic 357, from a ground potential or zero 
voltage until the voltage across the capacitor 351 at node 355 
reaches a reference voltage or threshold voltage, V 360. At 
the threshold voltage V,360, the relaxation oscillator allows 
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the accumulated charge at node 355 to discharge (e.g., the 
capacitor 351 to “relax” back to the ground potential) and 
then the process repeats itself. In particular, the output of 
comparator 353 asserts a clock signal F356 (e.g., F. 
356 goes high), which enables the reset switch 354. This 
discharges the capacitor at node 355 to ground and the charge 
cycle starts again. The relaxation oscillator outputs a relax 
ation oscillator clock signal (F, 356) having a frequency 
(f) dependent upon capacitance C of the capacitor 351 and 
charging current Ic 357. 
The comparator trip time of the comparator 353 and reset 

switch 354 add a fixed delay. The output of the comparator 
353 is synchronized with a reference system clock to guaran 
tee that the reset time is long enough to completely discharge 
capacitor 351. This sets a practical upper limit to the operating 
frequency. For example, if capacitance C of the capacitor 351 
changes, then f changes proportionally according to Equa 
tion (1). By comparing f of F.356 against the frequency 
(f) of a known reference system clock signal (REF CLK), 
the change in capacitance AC can be measured. Accordingly, 
equations (2) and (3) below describe that a change in fre 
quency between F.356 and REF CLK is proportional to a 
change in capacitance of the capacitor 351. 

ACoAf, where (2) 

Affiro freF. (3) 

In one embodiment, a frequency comparator may be 
coupled to receive relaxation oscillator clock signal (F. 
356) and REF CLK, compare their frequencies f and f, 
respectively, and output a signal indicative of the difference 
Af between these frequencies. By monitoring Afone can 
determine whether the capacitance of the capacitor 351 has 
changed. 

In one exemplary embodiment, the relaxation oscillator 
350 may be built using a programmable timer (e.g.,555 timer) 
to implement the comparator 353 and reset switch 354. Alter 
natively, the relaxation oscillator 350 may be built using other 
circuitry. Relaxation oscillators are known by those of ordi 
nary skill in the art, and accordingly, additional details regard 
ing their operation have not been included so as to not obscure 
the present embodiments. The capacitor charging current for 
the relaxation oscillator 350 may be generated in a register 
programmable current output DAC (also known as IDAC). 
Accordingly, the current source 352 may be a current DAC or 
IDAC. The IDAC output current may be set by an 8-bit value 
provided by the processing device 210, such as from the 
processing core 202. The 8-bit value may be stored in a 
register, in memory, or the like. 

In many capacitance sensor element designs, the two "con 
ductors” (e.g., 301 and 302) of the sensing capacitor are 
actually adjacent sensor elements that are electrically isolated 
(e.g., PCB pads or traces), as indicated in FIG. 3A. Typically, 
one of these conductors is connected to a system ground. 
Layouts for touch-sensor slider (e.g., linear slide sensor ele 
ments) and touch-sensor pad applications have sensor ele 
ments that may be immediately adjacent. In these cases, all of 
the sensor elements that are not active are connected to a 
system ground through the GPIO 207 of the processing 
device 210 dedicated to that pin. The actual capacitance 
between adjacent conductors is Small (C), but the capaci 
tance of the active conductor (and its PCB trace back to the 
processing device 210) to ground, when detecting the pres 
ence of the conductive object 303, may be considerably 
higher (C+C). The capacitance of two parallel conductors 
is given by the following equation: 
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A A (4) 
C = 80 er = en 8.85 pFlm 

The dimensions of equation (4) are in meters. This is a very 
simple model of the capacitance. The reality is that there are 
fringing effects that Substantially increase the sensor ele 
ment-to-ground (and PCB trace-to-ground) capacitance. 

There is some variation of sensor element sensitivity as a 
result of environmental factors. A baseline update routine, 
which compensates for this variation, may be provided in the 
high-level APIs. 
As described above with respect to the relaxation oscillator 

350, when a finger or conductive object is placed on the 
sensor element, the capacitance increases from C to C+C, 
so the relaxation oscillator output signal 356 (F) 
decreases in frequency. The relaxation oscillator output sig 
nal 356 (F) may be fed to a digital counter for measure 
ment. There are two methods for counting the relaxation 
oscillator output signal 356: frequency measurement and 
period measurement. Additional details of the relaxation 
oscillator and digital counter are known by those of ordinary 
skill in the art, and accordingly a detailed description regard 
ing them has not been included. It should also be noted, that 
the embodiments described herein are not limited to using 
relaxation oscillators, but may include other sensing circuitry 
for measuring capacitance, such as versus Voltage phase shift 
measurement, resistor-capacitor charge timing, capacitive 
bridge divider, charge transfer, sigma-delta modulators, 
charge-accumulation circuits, or the like. 

FIG. 3D illustrates a schematic of one embodiment of a 
circuit 375 including a sigma-delta modulator 360 and a 
digital filter 390 for measuring capacitance on a sensor ele 
ment 351. Circuit 375 includes a switching circuit 370, 
switching clock source 380, sigma-delta modulator 360, and 
digital filter 390 for measuring the capacitance on sensor 
element 351. Sensor element 351 may be a sensor element of 
a sensor array, and is represented as a Switching capacitor C. 
in the modulator feedback loop. Alternatively, sensor element 
351 may be a single sensor element, such as used in a touch 
sensor button. Switching circuit 370 includes two switches 
Sw, 371 and Sw, 372. The switches Sw, 371 and Sw, 372 
operate in two, non-overlapping phases (also known as break 
before-make configuration). These switches together with 
sensing capacitor C, 351 form the Switching capacitor 
equivalent resistor, which provides the modulator capacitor 
C, 363 of sigma-delta modulator 360 charge current (as 
illustrated in FIG. 3D) or discharge current (not illustrated) 
during one of the two phases. 
The sigma-delta modulator 360 includes the comparator 

361, latch 362, modulator capacitor C. 363, modulator 
feedback resistor 365, which may also be referred to as bias 
resistor 365, and voltage source 366. The output of the com 
parator may be configured to toggle when the Voltage on the 
modulator capacitor 363 crosses a reference voltage 364. The 
reference Voltage 364 may be a pre-programmed value, and 
may be configured to be programmable. The sigma-delta 
modulator 360 also includes a latch 362 coupled to the output 
of the comparator 361 to latch the output of the comparator 
361 for a given amount of time, and provide as an output, 
output 392. The latch may be configured to latch the output of 
the comparator based on a clock signal from the gate circuit 
382 (e.g., oscillator signal from the oscillator 381). In another 
embodiment, the sigma-delta modulator 360 includes a syn 
chronized latch that operates to latch an output of the com 
parator for a pre-determined length of time. The output of the 
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comparator may be latched for measuring or sampling the 
output signal of the comparator 361 by the digital filter 390. 

Sigma-delta modulator 360 is configured to keep the volt 
age on the modulator capacitor 363 close to reference Voltage 
V,364 by alternatively connecting the switching capacitor 
resistor (e.g., switches Sw 371 and Sw, 372 and sensing 
capacitor C351) to the modulator capacitor 363. The output 
392 of the sigma-delta modulator 360 (e.g., output of latch 
362) is feedback to the switching clock circuit 380, which 
controls the timing of the Switching operations of Switches 
Sw, 371 and Sw, 372 of switching circuit 370. For example, 
in this embodiment, the switching clock circuit 380 includes 
an oscillator 381 and gate 382. Alternatively, the switching 
clock circuit 380 may include a clock source. Such as a spread 
spectrum clock source (e.g., pseudo-random signal (PRS)), a 
frequency divider, a pulse width modulator (PWM), or the 
like. The output 392 of the sigma-delta modulator 360 is used 
with an oscillator signal to gate a control signal 393, which 
switches the switches Sw 371 and Sw, 372 in a non-over 
lapping manner (e.g., two, non-overlapping phases). The out 
put 392 of the sigma-delta modulator 360 is also output to 
digital filter 390, which filters and/or converts the output into 
the digital code 391. 

In one embodiment of the method of operation, at power 
on, the modulator capacitor 363 has zero voltage and switch 
ing capacitor resistor (formed by sensing capacitor CX 351, 
and switches Sw 371 and Sw, 372) is connected between 
Vdd line 366 and modulator capacitor 363. This connection 
allows the voltage on the modulator capacitor 363 to rise. 
When this Voltage reaches the comparator reference Voltage, 
V,364, the comparator 361 toggles and gates the control 
signal 393 of the switches Sw 371 and Sw, 372, stopping the 
charge current. Because the current via bias resistors R., 365 
continues to flow, the voltage on modulator capacitor 363 
starts dropping. When it drops below the reference voltage 
364, the output of the comparator 361 switches again, 
enabling the modulator capacitor 363 to start charging. The 
latch 362 and the comparator 361 set the sample frequency of 
the sigma-delta modulator 360. 
The digital filter 390 is coupled to receive the output392 of 

the sigma-delta modulator 360. The output 392 of the sigma 
delta modulator 360 may be a single bit bit-stream, which can 
be filtered and/or converted to numerical values using a digi 
tal filter 390. In one embodiment, the digital filter 390 is a 
counter. In another embodiment, the standard Sinc digital 
filter can be used. In another embodiment, the digital filter is 
a decimator. Alternatively, other digital filters may be used for 
filtering and/or converting the output 392 of the sigma-delta 
modulator 360 to provide the digital code 391. It should also 
be noted that the output 392 may be output to the decision 
logic 402 or other components of the processing device 210, 
or to the decision logic 451 or other components of the host 
250 to process the bitstream output of the sigma-delta modu 
lator 360. 

Described below are the mathematical equations that rep 
resent the operations of FIG. 3D. During a normal operation 
mode, the sigma-delta modulator 360 keeps these currents 
equal in the average by keeping the Voltage on the modulator 
363 equal to, or close to, the reference voltage V,364. The 
current of the bias resistor R, 365 is: 

(5) 
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The sensing capacitor C, 351 in the switched-capacitor mode 
has equivalent resistance: 

1 (6) 

where f is the operation frequency of the Switches (e.g., 
switching circuit 370). If the output 392 of the sigma-delta 
modulator 360 has a duty cycle of d, the average current of 
the switching capacitor 351 can be expressed in the following 
equation (7): 

I = d. Vdd - Wond (7) 
c - R 

In the operation mode, 

W Vdd - Vef (8) IRh = le. Voc = Vof or: T = d. e R, R 

or taking into account that the reference Voltage 364 is part of 
Supply Voltage: 

R (9) 
R1 + R2 Vof = kd Vid; ka = 

The Equation (8) can be rewritten in the following form: 

R. k.d 1 k.d 1 d (10) 
mod R, 1 -k, R, 1 -k, C. 

The Equation (10) determines the minimum sensing 
capacitance value, which can be measured with the proposed 
method at given parameters set: 

1 kd 
fR 1 - kd 

(11) 
did s 1, or: Camin = 

The resolution of this method may be determined by the 
sigma-delta modulator duty cycle measurement resolution, 
which is represented in the following equations: 

AC (12) 
Add = f; C2 

1 kd p3 = 
f R, 1 - kd 

or after rewriting relatively AC, we obtain: 

1 13 
AC = iAdici (13) 

In one exemplary embodiment, the resistance of the bias 
resistor 365 is 20k ohms (R, 20k), the operation frequency of 



US 8,144,126 B2 
17 

the switches is 12 MHZ (f=12 MHZ), the capacitance on the 
switching capacitor 351 is 15 picofarads (C-15 pF), and the 
ratio between Vdd 366 and the voltage reference 364 is 0.25 
(k=0.25), the duty cycle has a 12-bit resolution and the 
capacitance resolution is 0.036 pF. 

In some embodiments of capacitive sensing applications, it 
may be important to get fast data measurements. For example, 
the modulator can operate at sample frequency 10 MHz (pe 
riod is 0.1 microseconds (us)), for the 12-bit resolution 
sample, and digital filter as single-type integrator/counter the 
measurement time is approximately 410 us (e.g., 20.1 
LS 410 us). For faster measurement speeds at same resolu 
tions, other types of digital filters may be used, for example, 
by using the Sinc2 filter, the Scanning time at the same reso 
lution may be reduced approximately 4 times. To do this the 
sensing method should have Suitable measurement speed. In 
one embodiment, a good measurement rate may be accom 
plished by using a double integrator as the digital filter 390. 

FIG. 4A illustrates a block diagram of one embodiment of 
an electronic device 400 including a processing device 210 
that includes a capacitance sensor 201 for measuring the 
capacitance on a touch panel 410 in a first mode 430. The 
electronic device 400 includes the touch panel 410, which 
includes multiple touch-sensor buttons (e.g., similar to touch 
sensor buttons 240 of FIG.2), processing device 210, and host 
250. Touch panel 410 includes sensor elements 355(1)-355 
(N), where N is a positive integer value that represents the 
number of touch-sensor buttons of the touch panel 410. Each 
sensor element 355 corresponds to a button of the touchpanel 
410. Although the buttons are described as being part of a 
touch panel, alternatively, the buttons may be separated in 
multiple touch panels or the buttons may be individually 
mounted on the device without the use of a touch panel. 

The sensorelements 355(1)-355(N) of touchpanel 410 are 
coupled to multiple pins of the processing device 210 via an 
analog bus 401. Each of the sensor elements 355 are coupled 
to a pin on the processing device 210. The analog bus 401 is 
coupled to a selection circuit 420. The selection circuit 420 
may be configured to couple the sensor elements 355 indi 
vidually to the capacitance sensor 201 during the first mode 
430 (illustrated in FIG. 4A), and configured to collectively 
couple a group of sensor elements to the capacitance sensor 
201 during the second mode 440 (illustrated in FIG. 4B). For 
example in the first mode 430, as illustrated in FIG. 4A, the 
first sensor element 355(1) is selected (as indicated by the 
black sensor element of the touch panel 410), and coupled to 
the capacitance sensor 201 to measure the capacitance on the 
first sensor element 355(1). After the capacitance has been 
measured on the first sensor element, the selection circuit 420 
opens the switch that connects the first sensor element 355(1) 
to the capacitance sensor 201, and closes another Switch that 
connects the capacitance sensor 201 to a Subsequent sensor 
element. This is repeated to individually measure the capaci 
tance on each of the sensor elements 355 during the first mode 
430. The processing device 210 is configured to perform a 
capacitance measurement on each of the sensor elements 
355(1)-355(N) during each sensing interval when in the first 
mode 430. 

In one embodiment, the selection circuit 420 is configured 
to sequentially select the individual sensor elements. In 
another embodiment, the selection circuit 420 is configured to 
sequentially select sets of sensor elements, such as rows or 
columns, as described below. The selection circuit 420 may 
be configured to provide charge current or Voltage to the 
selected sensor elements and to measure a capacitance on the 
selected sensor elements. In one exemplary embodiment, the 
selection circuit 420 is a multiplexer array. Alternatively, the 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

18 
selection circuit may be other circuitry inside or outside the 
capacitance sensor 201 to select the sensor element(s) to be 
measured. 

In another embodiment, the capacitance sensor 201 may be 
used to measure capacitance on all or less than all of the 
sensor elements of the touch panel 410. Alternatively, mul 
tiple capacitance sensors 201 may be used to measure capaci 
tance on all or less than all of the sensorelements of the touch 
panel 410. In one embodiment, the selection circuit 420 is 
configured to connect the sensor elements that are not being 
measured to the system ground. This may be done in conjunc 
tion with a dedicated pin in the GPIO port 207. 

In one embodiment, the processing device 210 further 
includes a decision logic block 402. The operations of deci 
sion logic block 402 may be implemented in firmware; alter 
natively, it may be implemented in hardware or software. The 
decision logic block 402 may be configured to receive the 
digital code or counts from the capacitance sensor 201, and to 
determine the state of the touch panel 410, such as whether a 
conductive object is detected on the touch panel 410, which 
button has been pressed on the touch panel 410, or the like. 

In another embodiment, instead of performing the opera 
tions of the decision logic 402 in the processing device 210, 
the processing device 201 may send the raw data to the host 
250, as described above. Host 250, as illustrated in FIG. 4A 
and 4B, may include decision logic 451. The operations of 
decision logic 451 may also be implemented in firmware, 
hardware, and/or software. Also, as described above, the host 
may include high-level APIs in applications 452 that perform 
routines on the received data, such as compensating for sen 
sitivity differences, other compensation algorithms, baseline 
update routines, start-up and/or initialization routines, inter 
polations operations, Scaling operations, or the like. The 
operations described with respect to the decision logic 402 
may be implemented in decision logic 451, applications 452, 
or in other hardware, software, and/or firmware external to 
the processing device 210. 

In another embodiment, the processing device 210 may 
also include a non-capacitance sensing actions block 403. 
This block may be used to process and/or receive/transmit 
data to and from the host 250. For example, additional com 
ponents may be implemented to operate with the processing 
device 210 along with the touch panel 410 (e.g., keyboard, 
keypad, mouse, trackball, LEDs, displays, or the like). 
At startup (or boot) the sensor elements (e.g., capacitors 

355(1)-(N)) are scanned and the digital code or count values 
for each sensor element with no activation are stored as a 
baseline array (C). The presence of a finger on the sensor 
element is determined by the difference in counts between a 
stored value for no sensor element activation and the acquired 
value with sensor element activation, referred to here as An. 
The sensitivity of a single sensor element is approximately: 

An CF 
n C. 

(14) 

The value of An should be large enough for reasonable 
resolution and clear indication of sensor element activation. 
This drives sensor element construction decisions. C should 
be as large a fraction of Cas possible. Since C is determined 
by finger area and distance from the finger to the sensor 
element’s conductive traces (through the over-lying insula 
tor), the baseline capacitance C should be minimized. The 
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baseline capacitance C includes the capacitance of the sen 
Sor element pad plus any parasitics, including routing and 
chip pin capacitance. 

In one embodiment, the first mode 430 is a normal mode of 
operation of the electronic device 400. In another embodi 
ment, the first mode 430 is a “fine” measurement mode and is 
when the electronic device is active, as opposed to being in 
“sleep mode (as described below). 

FIG. 4B illustrates the electronic device 400 of FIG. 4A in 
a second mode 440. In the second mode 440, the selection 
circuit 420 is configured to couple all of the sensor elements 
355(1)-355(N) to the capacitance sensor 201 using individual 
Switches. Instead of measuring the capacitance on each of the 
sensor elements individually as done in the first mode 430, the 
capacitance sensor 201 collectively measures a total aggre 
gate capacitance on the coupled sensor elements 355(1)-355 
(N) in the second mode 440. For example, as illustrated in 
FIG. 4B, all the sensor elements 355(1)-(N) are selected (as 
indicated by the black sensor elements of the touch panel 
410), and coupled to the capacitance sensor 201 to collec 
tively measure the capacitance on all the sensor elements 
355(1)-355(N). The processing device 210 is configured to 
perform a single capacitance measurement on all the sensor 
elements 355(1)-355(N) during each sensing interval when in 
the second mode 440. 

It should be noted that although the embodiments of FIGS. 
4A and 4B illustrate all the sensor elements 355(1)-355(N) 
being coupled together during the second mode 440, in other 
embodiments, a fraction of all the sensor elements 355(1)- 
355(N) may be coupled together during the second mode 440. 
The processing device 210 may be configured to individu 

ally measure a capacitance on each of the sensor elements 
355(1)-355(N) of the electronic device 400 in the first mode 
430. The processing device 210 may also be configured to 
couple agroup of (e.g., all or a fraction of) the sensorelements 
355(1)-(N), and collectively measure an aggregate capaci 
tance on the group of sensor elements in the second mode 
440. The group of sensor elements may be coupled together 
and the aggregate capacitance measured when a presence of a 
conductive object is not detected on the sensor elements dur 
ing the first mode 430 (e.g., no conductive object is detected 
while individually measuring the capacitance on each of the 
sensor elements). The electronic device 400 may be placed in 
a 'sleep’ mode (e.g., reduced power mode) when the conduc 
tive object is not present on the electronic device 400. In 
another embodiment, the electronic device 400 may be placed 
in the “sleep” mode after a certain number of individual 
sensing cycles have resulted in no conductive object being 
detected on the electronic device 400. During “sleep' mode 
(e.g., second mode 440), the electronic device 400 can peri 
odically scan the group of coupled sensor elements to deter 
mine if a conductive object is present on the electronic device 
400. When the electronic device 400 detects the presence of 
the conductive object in "sleep' mode (e.g., conductive object 
is detected while collectively measuring a capacitance on the 
group of sensor elements), the electronic device 400 may be 
placed in a normal or active mode (e.g., first mode 430). 

In one embodiment, the electronic device 400 continues to 
individually measure the capacitance on each of the sensor 
elements and is placed in the 'sleep mode (e.g., second mode 
440) for a period of time when the conductive object is not 
present on the device during the first mode 430. The elec 
tronic device 400 may be placed in the “sleep' mode (e.g., 
second mode 440) after the electronic device 400 has not 
detected a conductive object on the device after a predeter 
mined period of time. Alternatively, the electronic device 400 
may be placed in the “sleep” mode after the electronic device 
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400 has not detected a conductive object on the device after a 
certain number, N, individual sensing cycles. Once the pre 
determined period of time has lapsed, the electronic device 
400 transitions from the first mode 430 to the second mode 
440. This may be done to conserve power consumption in the 
electronic device 400. 

In the second mode 440, the electronic device 400 collec 
tively measures a capacitance on the group of sensorelements 
after the period of time has lapsed. If the electronic device 400 
does not detect a presence of a conductive object during the 
second mode 440, the electronic device 400 may sleep for 
another period of time. After this period of time, the electronic 
device 400 wakes and collectively measures a capacitance on 
the group of sensor elements. Once the electronic device 400 
detects a presence of the conductive object during the second 
mode 440, the electronic device 400 transitions to the first 
mode 430 to individually measure a capacitance on each of 
the sensor elements. 

In one embodiment, while in the second mode 440, the 
processing device 210 performs a baseline measurement on 
the group of sensor elements after the group of sensor ele 
ments are coupled together. The baseline measurement may 
be representative of the capacitance on the group of sensor 
elements when a conductive object is not present on the 
electronic device 400. The baseline measurement may be 
measured to account for parasitic capacitance in the device. 
The baseline measurement may be compared against the 
capacitance measurements made during the second mode 
440. For example, when the group of sensor elements is 
Subsequently measured, if the collectively measured capaci 
tance on the group of sensor elements is greater than the 
baseline measurement, then a presence of a conductive object 
is detected on the electronic device. If the collectively mea 
Sured capacitance is greater than the baseline measurement, 
the electronic device 400 may transition to the first mode 430 
to individually measure a capacitance on each of the sensor 
elements. 

In another embodiment, the collectively measured capaci 
tance can be compared to a threshold above the baseline 
measurement. For example, if the collectively measured 
capacitance is greater than the threshold above the baseline 
measurement, then a presence of a conductive object is 
detected, and the electronic device 400 can transition to the 
first mode 430 to individually measure the capacitance on 
each of the sensor elements. Conversely, if the collective 
measured capacitance is less than the baseline measurement 
or less than the threshold above the baseline measurement, 
then a presence of a conductive object is not detected, and the 
electronic device 400 remains in the second mode 440. The 
electronic device 400 may be placed in the “sleep mode for 
a period of time if the collectively measured capacitance on 
the group sensor elements is equal to or less than the baseline 
measurement or the threshold above the baseline measure 
ment. 

In one embodiment, the electronic device 400 transitions 
from the first mode 430 to the second mode 440 when the 
presence of the conductive object is not detected on the sensor 
elements while individually measuring the capacitance on 
each of the sensor elements in the first mode 430. In another 
embodiment, the electronic device 400 transitions from the 
second mode 440 to the first mode 430 when the presence of 
the conductive object is detected on the group of sensor ele 
ments while collectively measuring the capacitance on the 
group of sensor elements in the second mode 440. As 
described above, the group of sensor elements may include all 
or a fraction of the sensor elements 355. 
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FIG. 5 illustrates a block diagram of one embodiment of an 
electronic device 500 including a processing device 210 that 
includes capacitance sensors 201 for measuring the capaci 
tance on a slider 230. The electronic device 500 is similar to 
the electronic device 400, except the processing device 210 is 
coupled to the slider 230 via the selection circuit 420, instead 
of the touch panel 410. 
The slider 230 of FIG. 5 includes multiple sensor elements 

555(1)-555(N), where N is a positive integer value that rep 
resents the number of sensor elements. In one embodiment, 
the slider 230 may be a single-dimension sensor array includ 
ing the sensor elements 555(1)-555(N). The single-dimen 
sion sensor array may provide output data to the analog bus 
401 of the processing device 210 (e.g., via lines 231 of FIG. 
2). The slider 230 may be used for control requiring gradual or 
discrete adjustments. Examples include a lighting control 
(dimmer), temperature control, Volume control, graphic 
equalizer, and speed control. Slider controls may also be used 
for scrolling functions in menus of data. These sensor ele 
ments may be mechanically adjacent to one another. Activa 
tion of one sensor element may result in partial activation of 
physically adjacent sensor elements. The actual position in 
the sliding sensor element is found by computing the centroid 
location of the set of sensor elements activated, as described 
below. 

The decision logic block 402 may be configured to receive 
the digital code or counts from the capacitance sensor 201, 
and to determine the state of the slider 230, such as whether a 
conductive object is detected on the slider 230, such as which 
sensor element has been pressed, where the conductive object 
was detected on the slider 230 (e.g., determining the X 
Y-coordinates of the presence of the conductive object), 
determining absolute or relative position of the conductive 
object, whether the conductive object is performing a pointer 
operation, whetheragesture has been recognized on the slider 
230 (e.g., click, double-click, movement of the pointer, 
scroll-up, Scroll-down, scroll-left, Scroll-right, step Back, 
step Forward, tap, push, hop, ZigZag gestures, et), or the like. 
As described above, the selection circuit 420 is configured 

to couple each of the sensor elements to the capacitance 
sensor 201 of the processing device either individually for 
sequential measurements of the sensor elements in the first 
mode 430 or collectively for measurements of the coupled 
sensor elements in the second mode 440. For example, as 
illustrated in FIG. 5, half of the sensor elements 555(1)-555 
(N) are selected (as indicated by the black sensor elements of 
the slider 230) in the second mode 440, and coupled to the 
capacitance sensor 201 to measure the aggregate capacitance 
on the coupled sensor elements. However, in the first mode 
430, each of the sensor elements 555(1)-555(N) are sequen 
tially selected and coupled to the capacitance sensor 201 of 
the processing device 210 to individually measure the capaci 
tance on each of the sensor elements 555(1)-555(N). The 
processing device 210 is configured to perform a capacitance 
measurement on each of the sensor elements 555(1)-555(N) 
during each sensing interval when in the first mode 430, and 
to perform a single capacitance measurement on the coupled 
sensor elements 555(1)-555(N) (e.g., half of the sensor ele 
ments) during each sensing interval when in the second mode 
440. 

It should be noted that although the embodiments of FIG.5 
illustrate half of the sensor elements 555(1)-555(N) being 
coupled together during the second mode 440, in other 
embodiments, other fractions or all of the sensor elements 
555(1)-555(N) may be coupled together during the second 
mode 440. Coupling less than all of the sensor elements (e.g., 
a fraction of all the sensor elements) in the second mode 440 
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22 
may have the advantage of reducing the background parasitic 
capacitance to ground in the electronic device 500, and thus 
reduce the time taken to make the single measurement in the 
second mode 440, as compared to coupling all the sensor 
elements, and thus further reduce the sleep current 

FIG. 6 illustrates a block diagram of one embodiment of an 
electronic device 600 including a processing device 210 that 
includes two capacitance sensors 201 for measuring the 
capacitance on a sensor array 610. The electronic device 600 
is similar to the electronic devices 400 and 500, except the 
processing device 210 is coupled to the sensor array 610 using 
two selection circuits 420 and 620 and two capacitance sen 
sors 201. In one embodiment, the sensor array 610 is imple 
mented in the touch-sensorpad 220, as described with respect 
to FIG. 2. Alternatively, the sensor array 610 may be imple 
mented in other capacitance sensing devices. 

In this embodiment, the sensor array 610 is a two-dimen 
sion sensor array including the sensor elements 655(1)-655 
(N), where N is a positive integer value that represents the 
number of sensor elements of the two-dimension sensor 
array. The two-dimension sensor array 610 may provide out 
put data to the analog bus 401 of the processing device 210 
(e.g., via bus 221). 
The sensing array 610 may be used for similar operation as 

described above with respect to the touch-sensorpad 220. The 
decision logic block 402 may be configured to receive the 
digital code or counts from the capacitance sensor 201, and to 
determine the state of the sensor array 610, such as whether a 
conductive object is detected on the sensor array 610, which 
sensor element of the sensor array 610 has been pressed, 
where the conductive object was detected on the sensor array 
610 (e.g., determining the X-Y-coordinates of the presence 
of the conductive object), determining absolute or relative 
position of the conductive object, whether the conductive 
object is performing a pointer operation, whether a gesture 
has been recognized on the sensor array 610 (e.g., click, 
double-click, movement of the pointer, Scroll-up, Scroll 
down, Scroll-left, scroll-right, step Back, step Forward, tap, 
push, hop, ZigZag gestures, etc), or the like. 
As described above, the selection circuit 420 is configured 

to couple each of the sensor elements to the capacitance 
sensor 201 of the processing device either individually for 
sequential measurements of the sensor elements in the first 
mode 430 or collectively for measurements of the coupled 
sensor elements in the second mode 440. In another embodi 
ment, the selection circuits 420 and 620 are configured to 
couple each of the sensor elements to the capacitance sensors 
201 as sets of sensor elements, such as a row or column of 
sensor elements. The selection circuits 420 and 620 are con 
figured to Substantially simultaneously measure two sets of 
sensor elements at a time. For example, as illustrated in FIG. 
6, a first row 601 and a first column 602 are selected in the first 
mode 430, and coupled to the capacitance sensors 201, 
respectively, to individually measure the capacitance on the 
first row and the first column of sensor elements. After the 
capacitance has been measured on the first row 601 and first 
column 602, the selection circuits 420 and 620 each open the 
Switch that connects the respective capacitance sensor 201 to 
the first row 601 and first column 602, and closes another 
Switch that connects the respective capacitance sensor 201 to 
a Subsequent row and a Subsequent column, respectively. This 
is repeated to individually measure the capacitance on each of 
the rows and each of the columns of the sensor array 610 
during the first mode 430. The processing device 210 is con 
figured to perform a capacitance measurement on each of the 
rows and columns during each sensing interval when in the 
first mode 430. However, in the second mode 440, all of the 
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rows are coupled together to collectively measure an aggre 
gate capacitance on the rows of the sensor array 610. Simi 
larly, in the second mode 440, all of the columns are coupled 
together to collectively measure an aggregate capacitance on 
the columns of the sensor array 610. In one embodiment, the 5 
processing device 210 is configured to perform a single 
capacitance measurement on all the rows of the sensor array 
610 during each sensing interval when in the second mode 
440. In another embodiment, the processing device 210 is 
configured to perform a single capacitance measurement on 
all the columns of the sensor array 610 during each sensing 
interval when in the second mode 440. Alternatively, the 
processing device 210 is configured to perform both measure 
ments of the all the rows and all the columns during each 
sensing interval when in the second mode 440. 

It should be noted that although the embodiments of FIG. 6 
illustrate all of the rows or all of the columns of the sensor 
array 610 being coupled together during the second mode 
440, in other embodiments, fractions of all of the rows or 
fractions of all of the columns may be coupled together during 
the second mode 440. For example, half of the columns are 
coupled together and coupled to the first capacitance sensor 
201, and half of the rows are coupled together and coupled to 
the second capacitance sensor 201. Coupling less than all of 
the rows and/or columns (e.g., a fraction of all the rows or 
columns of sensor elements) in the second mode 440 may 
have the advantage of reducing the background parasitic 
capacitance to ground in the electronic device 600, and thus 
reduce the time taken to make the capacitance measurement 
(s) in the second mode 440, as compared to coupling all the 
rows and/or all the columns of sensor elements. 
The sensor array may be a grid-like pattern of sensor ele 

ments (e.g., capacitive elements) used in conjunction with the 
processing device 210 to detect a presence of a conductive 
object, Such as a finger, to a resolution greater than that which 
is native. The touch-sensor pad layout pattern may be dis 
posed to maximize the area covered by conductive material, 
Such as copper, in relation to spaces necessary to define the 
rows and columns of the sensor array. 

In applications for touch-sensor sliders (e.g., sliding sensor 
elements) and touch-sensorpads it is often necessary to deter 
mine finger (or other capacitive object) position to greater 
resolution than the native pitch of the individual sensor ele 
ments. The contact area of a finger on a sliding sensor element 
or a touch-pad is often larger than any single sensor element. 
In one embodiment, in order to calculate the interpolated 
position using a centroid, the array is first scanned to Verify 
that a given sensor element location is valid. The requirement 
is for some number of adjacent sensor element signals to be 
above a noise threshold. When the strongest signal is found, 
this signal and those immediately adjacent are used to com 
pute a centroid: 
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Centroid = 

iii. 1 + nil - ini 

The calculated value may be fractional. In order to report 
the centroid to a specific resolution, for example a range of 0 60 
to 100 for 12 sensor elements, the centroid value may be 
multiplied by a calculated or predetermined scalar. It may be 
more efficient to combine the interpolation and Scaling opera 
tions into a single calculation and report this result directly in 
the desired scale. This may be handled in the high-level APIs. 65 
Alternatively, other methods may be used to interpolate the 
position of the conductive object. 
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FIG. 7 illustrates a flow chart of one embodiment of a 

method 700 for coupling a group of sensor elements together 
when in a reduced power mode. Method 700 starts in opera 
tion 701, and starts to measure a capacitance on each of the 
sensor elements in turn, operation 702. The processing device 
210 then performs conductive object detection algorithms, 
operation 703. The detection algorithms may include whether 
a presence of the conductive object is present on the device, 
which sensor element, and corresponding button, has been 
activated, which the location of the presence of the conductive 
object on the device, whether a gesture is recognized, or the 
like. The method 700 then determines whether a conductive 
object detection algorithm detected the presence of the con 
ductive object, operation 704. If the presence of the conduc 
tive object is detected in operation 704, the processing device 
210 sends button press data to the host 250, and returns to 
measure a capacitance of each sensor element in turn in 
operation 702. However, if the presence of the conductive 
object is not detected in operation 704, the processing device 
210 connects all (or a fraction of all) of the sensor elements 
together, operation 706. This may be done using the selection 
circuit 420. After all (or a fraction of all) of the sensor ele 
ments are coupled together, a baseline measurement is per 
formed, operation 707. The baseline measurement is repre 
sentative of the aggregate capacitance on the coupled sensor 
elements when no conductive object is present on the device. 
The baseline measurement accounts for the parasitic capaci 
tance of the coupled sensor elements. Once the baseline mea 
surement has been performed in operation 707, the capaci 
tance is collectively measured on the coupled sensor 
elements, operation 708. The method 700 then determines if 
the collective capacitance is greater than the baseline mea 
surement performed in operation 707, operation 709. In 
another embodiment, a threshold above the baseline measure 
ment may be used. If the collective capacitance is greater than 
the baseline measurement or the threshold above the baseline 
measurement, the method returns to measuring a capacitance 
of each of the sensor elements in turn of operation 702. 
However, if the collective capacitance is not greater than the 
baseline measurement or the threshold above the baseline 
measurement, the method 700 places the device in the 
reduced power mode (e.g., “sleep” mode) for a period of time 
(e.g., 100 ms), operation 710. After the period of time has 
lapsed, the device wakes and measures the collective capaci 
tance again in operation 708. This process is repeated until a 
presence of a conductive object is detecting using the group of 
sensor elements. Once the conductive object is detected, then 
the method returns to individually measuring each of the 
sensor elements. 

In one embodiment, the method includes individually mea 
Suring a capacitance on each of the sensor elements of a 
touch-sensor device in a first mode, and collectively measur 
ing the capacitance on the group of sensor elements in a 
second mode. The second mode may be a lower power mode 
than the first mode. The second mode includes a reduced 
power mode that allows the power in the device to be reduced 
as compared to when the device is in the first mode. 

In another embodiment, the method includes individually 
measuring a capacitance on each of the sensor elements of a 
touch-sensor device. The method also includes coupling 
togethera group of sensorelements. Such as all of or a fraction 
of all of the sensor elements of the device when a presence of 
a conductive object is not detected on the sensor elements 
while individually measuring a capacitance on each of the 
sensor elements. Once the group of sensor elements is 
coupled together, the method includes collectively measuring 
a capacitance on the group of sensor elements. This may be 
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done to reduce the amount of power consumption to deter 
mine if a conductive object is present or not on the device. If 
the device continues to determine that no conductive object is 
present on the device when the sensor elements are coupled 
together, the device can be placed in a reduced power mode 
for a period of time, periodically waking to make a coarse 
measurement of whether a conductive object is present or not. 
This reduces the power consumption of the device. 

In another embodiment, the method includes transitioning 
from the first mode to the second mode when the presence of 
the conductive object is not detected on the sensor elements 
while individually measuring the capacitance on each of the 
sensor elements in the first mode. The method may also 
include transitioning from the second mode to the first mode 
when the presence of the conductive object is detected on the 
group of sensor elements while collectively measuring the 
capacitance on the group of sensor elements in the second 
mode. In another embodiment, the method includes transi 
tioning to the second mode from the first mode when a pres 
ence of a conductive object is not detected after a period of 
time in the first mode. 

Embodiments of the present invention, described herein, 
include various operations. These operations may be per 
formed by hardware components, software, firmware, or a 
combination thereof. As used herein, the term “coupled to 
may mean coupled directly or indirectly through one or more 
intervening components. Any of the signals provided over 
various buses described herein may be time multiplexed with 
other signals and provided over one or more common buses. 
Additionally, the interconnection between circuit compo 
nents or blocks may be shown as buses or as single signal 
lines. Each of the buses may alternatively be one or more 
single signal lines and each of the single signal lines may 
alternatively be buses. 

Certain embodiments may be implemented as a computer 
program product that may include instructions stored on a 
machine-readable medium. These instructions may be used to 
program a general-purpose or special-purpose processor to 
perform the described operations. A machine-readable 
medium includes any mechanism for storing or transmitting 
information in a form (e.g., Software, processing application) 
readable by a machine (e.g., a computer). The machine-read 
able medium may include, but is not limited to, magnetic 
storage medium (e.g., floppy diskette); optical storage 
medium (e.g., CD-ROM); magneto-optical storage medium; 
read-only memory (ROM); random-access memory (RAM); 
erasable programmable memory (e.g., EPROM and 
EEPROM); flash memory; electrical, optical, acoustical, or 
other form of propagated signal (e.g., carrier waves, infrared 
signals, digital signals, etc.); or another type of medium Suit 
able for storing electronic instructions. 

Additionally, some embodiments may be practiced in dis 
tributed computing environments where the machine-read 
able medium is stored on and/or executed by more than one 
computer system. In addition, the information transferred 
between computer systems may either be pulled or pushed 
across the communication medium connecting the computer 
systems. 

Although the operations of the method(s)herein are shown 
and described in a particular order, the order of the operations 
of each method may be altered so that certain operations may 
be performed in an inverse order or so that certain operation 
may be performed, at least in part, concurrently with other 
operations. In another embodiment, instructions or sub-op 
erations of distinct operations may be in an intermittent and/ 
or alternating manner. 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

26 
In the foregoing specification, the invention has been 

described with reference to specific exemplary embodiments 
thereof. It will, however, be evident that various modifica 
tions and changes may be made thereto without departing 
from the broader spirit and scope of the invention as set forth 
in the appended claims. The specification and drawings are, 
accordingly, to be regarded in an illustrative sense rather than 
a restrictive sense. 

What is claimed is: 
1. A method, comprising: 
individually measuring a capacitance on each of a plurality 

of sensor elements of a device; 
coupling a group of sensor elements of the plurality of 

sensor elements together when a presence of a conduc 
tive object is not detected on the plurality of sensor 
elements while individually measuring the capacitance 
on each of the plurality of sensor elements; and 

collectively measuring a capacitance on the group of sen 
Sor elements. 

2. The method of claim 1, further comprising: 
determining whether a conductive object is present on the 

device using the group of sensor elements; and 
placing the device in a reduced power mode when the 

conductive object is not present on the device. 
3. The method of claim 2, further comprising: 
individually measuring a capacitance on each of the plu 

rality of sensor elements when the conductive object is 
present on the device, wherein placing the device in the 
reduced power mode further comprises placing the 
device in the reduced power mode for a period of time 
when the conductive object is not present on the device; 
and 

collectively measuring a capacitance on the group of sen 
sor elements after the period of time. 

4. The method of claim 2, whereindetermining whether the 
conductive object is present on the device comprises detect 
ing a presence of a conductive object on the device while the 
group of sensor elements are coupled together. 

5. The method of claim 4, further comprising performing a 
baseline measurement on the group of sensor elements after 
coupling the group of sensor elements together, wherein the 
baseline measurement is representative of the capacitance on 
the group of sensor elements when a conductive object is not 
present on the device. 

6. The method of claim 5, whereindetermining whether the 
conductive object is present on the device further comprises 
determining whether the collectively measured capacitance 
on the group of sensor elements is greater than the baseline 
measurement. 

7. The method of claim 6, further comprising individually 
measuring a capacitance on each of the plurality of sensor 
elements if the collectively measured capacitance on the 
group of sensor elements is greater than the baseline mea 
Surement. 

8. The method of claim 6, further comprising individually 
measuring a capacitance on each of the plurality of sensor 
elements if the collectively measured capacitance on the 
group of sensor elements is greater than a threshold above the 
baseline measurement. 

9. The method of claim 6, further comprising placing the 
device in reduced power mode for a period of time if the 
collectively measured capacitance on the group of sensor 
elements is equal to or less than the baseline measurement. 

10. The method of claim 6, further comprising placing the 
device in reduced power mode for a period of time if the 
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collectively measured capacitance on the group of sensor 
elements is equal to or less than a threshold above the baseline 
measurement. 

11. The method of claim 1, wherein individually measuring 
the capacitance on each of the plurality of sensor elements is 
performed in a first mode, and wherein collectively measur 
ing the capacitance on the group of sensor elements is per 
formed in a second mode. 

12. The method of claim 11, further comprising transition 
ing from the first mode to the second mode when the presence 
of the conductive object is not detected on the plurality of 
sensor elements while individually measuring the capaci 
tance on each of the plurality of sensor elements in the first 
mode. 

13. The method of claim 11, further comprising transition 
ing from the second mode to the first mode when the presence 
of the conductive object is detected on the group of sensor 
elements while collectively measuring the capacitance on the 
group of sensor elements in the second mode. 

14. The method of claim 11, further comprising transition 
ing from the first mode to the second mode when a presence 
of a conductive object is not detected after a period of time in 
the first mode. 

15. The method of claim 1, wherein coupling the group of 
sensor elements comprises coupling all of the plurality of 
sensor elements together. 

16. The method of claim 1, wherein coupling the group of 
sensor elements comprises coupling a fraction of the plurality 
of sensor elements together. 

17. An apparatus, comprising: 
a processing device; and 
a plurality of sensor elements, wherein the plurality of 

sensor elements are individually coupled to the process 
ing device in a first mode, and wherein a group of sensor 
elements of the plurality of sensor elements are collec 
tively coupled to the processing device in a second mode 
when a presence of a conductive object is not detected on 
the plurality of sensor elements in the first mode. 

18. The apparatus of claim 17, wherein the processing 
device is configured to perform a single capacitance measure 
ment on the group of sensor elements during each sensing 
interval when in the second mode, and wherein the processing 
device is configured to perform a capacitance measurement 
on each of the plurality of sensor elements during each sens 
ing interval when in the first mode. 

19. The apparatus of claim 17, wherein the processing 
device is configured to consume less power in the second 
mode than in the first mode. 

20. The apparatus of claim 17, wherein the processing 
device and the plurality of sensor elements reside in a remote 
control device, and wherein each of the plurality of sensor 
elements correspond to a button on the remote control device. 

21. The apparatus of claim 17, wherein the processing 
device and the plurality of sensor elements reside in a touch 
sensor slider. 
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22. The apparatus of claim 17, wherein the processing 

device and the plurality of sensor elements reside in a touch 
sensor pad. 

23. The apparatus of claim 17, further comprising a selec 
tion circuit coupled the processing device, wherein the selec 
tion circuit is configured to individually couple the processing 
device to each of the plurality of sensor elements in the first 
mode and to collectively couple the processing device to the 
group of sensor elements in the second mode. 

24. The apparatus of claim 17, wherein the group of sensor 
elements comprises all of the plurality of sensor elements. 

25. The apparatus of claim 17, wherein the group of sensor 
elements comprises a fraction of all of the plurality of sensor 
elements. 

26. The apparatus of claim 17, wherein the processing 
device is configured to individually measure a capacitance on 
each of the plurality of sensor elements when the conductive 
object is present on the device in the first mode, wherein the 
processing device is configured to place the apparatus in a 
reduced power mode for a period of time when the conductive 
object is not present on the apparatus in the first mode, and 
wherein the processing device is configured to collectively 
measure a capacitance on the group of sensor elements after 
the period of time in the second mode. 

27. The apparatus of claim 17, wherein the processing 
device is configured to perform a baseline measurement on 
the group of sensor elements after the group of sensor ele 
ments are coupled together, wherein the baseline wherein the 
baseline measurement is representative of the capacitance on 
the group of sensor elements when a conductive object is not 
present on the device. 

28. The apparatus of claim 17, wherein the processing 
device is configured to transition to the second mode when a 
presence of a conductive object is not detected after a period 
of time in the first mode. 

29. An apparatus, comprising 
means for individually measuring a capacitance on a plu 

rality of sensor elements in a first mode; 
means for collectively measuring a capacitance on a group 

of sensor elements of the plurality of sensor elements in 
a second mode; and 

means for transitioning to the second mode from the first 
mode when a presence of a conductive object has not 
been detected in the first mode. 

30. The apparatus of claim 29, further comprising means 
for coupling either all of or a fraction of the plurality of sensor 
elements together. 

31. The apparatus of claim 29, further comprising means 
for reducing power consumption of the apparatus. 

32. The apparatus of claim 29, further comprising: 
means for detecting the presence of the conductive object 

while in the first mode; and 
means for detecting the presence of the conductive object 

while in the second mode. 
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